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ABSTRACT 


An  analytical  progra a  to  evaluate  a  probabilistic  analysis 
approach  to  the  prediction  of  aircraft  structural  fatigue 
endurance  using  data  obtained  from  the  C-130  Structural 
Integrity  Program  has  been  canpleted.  This  report  is  the 
final  report  of  this  program. 

The  proposed  method  is  applied  to  three  fatigue  sensitive 
areas  of  the  C-130  center  ring  using  test  results  frcm  C-130  B 
and  E  ving  full  scale  fatigue  tests.  The  results  of  thiB 
analysis  sire  than  correlated  with  service  experience  data  from 
the  Air  Force's  fleet  of  C-130  B  and  E  transport  aircraft. 

In  addition,  this  data  is  also  used  to  consider  the  applicability 
of  the  basic  distributions  and  parameters  selected  far  the 
proposed  method. 

The  first  and  second  phases  of  the  program  involve  the  preparation 
of  this  data  and  the  correlation  of  the  results  of  the  analysis 
vith  the  data  used  as  a  single  population.  The  third  and 
fourth  phases  of  the  program  involve  the  selection  of  four 
C-130  service  usage  groups,  the  adjustment  of  the  fatigue  te6t 
results  to  the  usage  group  loads  and  the  correlations  of  the 
results  of  each  analysis  vith  the  data  from  each  usage  group. 

The  fifth  phase  involves  a  review  of  the  results  of  the 
correlations  made  in  this  study. 

This  study  indicates  that  either  the  log-normal  or  Weibuil 
distributions  with  the  proposed  shape  parameters  fit  C-130  in- 
service  crack  initiation  aa  veil  as  present  knowledge  could 
predict.  Predictions  made  vith  the  proposed  method  are 
significantly  mors  conservative  than  their  nominal  reliability 
values  vould  indicate. 


ill. 


It  Is  recommended  that  a  modification  of  the  present  method 
be  considered  which  uses  crack  occurrence  results  from  the 
fleet  along  with  the  fatigue  test  results  for  estimating 
the  fatigue  endurance. 
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NOMENCLATURE 


F  -V2X2  -  VW  -  1  ,  expression  for  the  nomal  deviate 
with  unit  variance.  Thie  value  le  used  when  n1  >  30  as 
input  into  a  table  for  "Nomal  Curve  for  Error"  to 
determine  F. 


P  Probability  that  theoretical  distribution  can  give  a  larger 

2  2 

value  of  X  .  This  value  is  taken  from  a  table  for  X  when 

<  50  and  from  a  table  for  "Nomal  Curve  for  Error"  when 

l71  >  30. 

i*  test  result  in  equivalent  flight  hours, 
n  Test  sample  size. 


n^  Number  of  test  failures. 

Degrees  of  Freedom 

<■  Shape  parameter  for  Weibull  distribution. 


(3  Scale  parameter  for  Veibull  and  log-normal  distributions. 


cf 


Variance  for  log-normal  distribution. 


*,2 


Chi- squared  value  for  entire  fleet. 

Chi-squared  value  ineludee  only  those  aircraft  that  have 
early  craok  initiation. 


It  Quality  Level 

¥  Reliability  of  the  structural  component. 

V.S.  Wing  Station 
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| 

The  following  terms  are  defined  because  their  meaning  as  used  in  this  report 
may  not  be  generally  understood. 

Data  Block  -  A  unique  combination  of  operational  parameter  bands.  The  data 
blocks  are  selected  to  envelope  the  full  range  of  aircraft  operational  usage. 

Fatigue  Crack  -  A  crack  in  a  structural  member  which  is  detectable  by  normal 
inspection  procedures  and  is  oaused  by  a  series  of  loads  which  produce  average 
stresses  less  than  the  material  ultimate  stress  of  the  member. 

Fatigue  Damage  -  A  proportion  of  the  fatigue  endurance  of  a  structural 
component  which  has  been  expended. 

Fatigue  Endurance  -  The  computed  time  to  fatigue  crack  initiation  in  a  structure 
baaed  on  a  defined  op  rational  usage,  expressed  in  terms  of  flight  hours, 
landings,  special  operations  and/or  fuselage  pressurizations. 

Operational  Usage  -  The  in-service  usage  of  an  aircraft  or  fleet  of  aircraft 
in  terms  of  the  mission  profiles  and  utilization. 

Operational  Parameters  -  Parameters  which  significantly  affect  the  fatigue 
damage  incurred  during  operation  of  an  aircraft. 

Quality  Level  -  That  value  of  stress  concentration  factor  which  would  define 
the  S-N  curve  that  eatiefies  the  condition  of  the  Pa.lmgren-Miner  Theory  of 
Cumulative  Damages  in  terms  of  the  fatigue  crack  initiation  and  the  applied 
teet  spectra. 

- 

S-N  Curves  -  Data  which  define  the  number  of  cyclop  (N)  of  a  given  stress 
intensity  (S)  required  to  produce  initiation  of  a  crack  in  the  structure. 

These  data  ars  obtained  by  testing  notched  specimens  of  a  given  materirl. 
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They  are  normally  presented  as  ourves  of  stress  versus  cycles  to  crack 
initiation  at  a  constant  quality  level  for  a  given  material. 

Teat  Specimen  Endurance  -  The  number  of  simulated  service  hours  or  flights 
which  a  specimen  sustained  in  a  fatigue  test  at  the  time  a  crack  was  detected. 


SECTION  I 


INTRODUCTION 

This  is  ths  final  report  of  a  program  the  objeot  of  which  is  to 
evaluate  the  probabilistic  method  proposed  in  AFMI/-TR-69-65 
(Re.ferenoe  l)  for  predioting  the  fatigue  enduranoe  of  an  airoraft 
struoture.  The  data  used  in  this  evaluation  are  the  results  from 
two  full  soale  fatigue  tests  on  C-13O  B  and  C-130  E  wings  and  the 
service  experience  data  from  439  airoraft  in  the  Air  Foroe's 
C-130  B  and  C-130  E  fleet. 

The  approach  used  in  the  method  under  consideration  has  resulted 
from  a  proposal  by  Dr.  A.  M.  Freudenthal  of  George  Washington 
University  that  the  expected  time  to  the  initiation  of  the  first 
oraok  is  a  more  relevent  ooncept  for  the  prediction  of  the  fatigue 
endurance  of  major  airoraft  struoture  than  the  conventional  concept 
of  the  expected  enduranoe  coupled  with  a  scatter  factor.  The  Boeing 
Company  has  been  primarily  responsible  for  the  development  of  the 
oonstants  required  to  complete  the  implementation  of  this  concept 
into  a  practical  engineering  method.  This  work  was  sponsored  jointly 
by  the  Air  Force  Flight  Dynamics  Laboratory  and  the  Air  Force  Materials 
Laboratory. 

The  results  of  this  scudy  are  to  serve  as  a  basis  for  determining 
the  adequacy  of  the  referenced  melhod  for  predicting  the  time  to 
orack  initiation  of  a  structural  component  of  an  aircraft  within  a 
fleet  using  the  results  from  full  scale  fatigue  tests  of  the 
structure. 
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SECTION  II 


PROGRAM  DESCRIPTION 

The  program  is  divided  into  five  working  phases.  A  brief  description  of 
each  of  these  phases  follows. 

Phase  I  -  Data  Collection  -  The  object  of  this  phase  is  to  gather  and 
prepare  the  available  C-130B  and  C-130E  fatigue  test  results  and 
service  experience  data  for  use  in  the  correlation  of  Phases  II,  III, 

and  IV. 

The  fatigue  test  results  used  are  the  equivalent  flight  time  to  initiation 
of  fatigue  cracks  at  three  critical  areas  on  the  center  wing.  These  re¬ 
sults  are  obtained  from  the  full  scale  fatigue  tests  of  the  C-13OB  and 
C-130E  wings.  The  service  experience  data  is  the  time  to  the  initial 
cracks  at  the  three  critical  areas  on  the  center  wing  of  each  C-130B 

and  C-V30E  aircraft.  This  service  data  has  been  obtained  from  the  C-130 

\ 

Fatigue  Life  Monitoring  Program  currently  in  progress  at  the  Lockheed- 
Georgin  Company. 

The  three  critical  areas  referred  to  above  are  defined  as  follows: 

Critical  Area  1  refers  to  skiu  panel  cracss  at  W.S.  36,  the  termination 
of  the  reinforcing  structure  surrounding  the  cutout  located  on  the  upper 
surface  of  the  C-130  center  wing  at  the  center  line  of  the  aircraft. 
Critical  Area  2  refers  to  skin  panel  cracks  that  occur  at  W.S.  105, 
the  inboard  termination  of  the  reinforcing  structure  surrounding  the 
cricular  cutout  located  on  the  upper  surface  at  W.S.  120.5.  Critical 
Area  3  refers  to  skin  cracks  that  occur  at  fastener  holes  in  the  corners 
of  a  rectangular  cutout  located  on  the  lower  surface  at  W.S.  120.5. 
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Phase  II  -  Initial  Correlation  -  lhe  object  of  this  phase  is  to 


correlate  the  results  of  the  method  proposed  in  Reference  1  vith 
the  service  experience  data  from  the  fleet  of  C-130B's  and  C-130E's 
used  as  a  single  population. 

In  this  phase  the  proposed  method  (using  both  the  Weibull  and  log¬ 
normal  distributions)  is  applied  to  the  fatigue  test  data  collected  in 
Phase  I  for  each  critical  area.  From  this  application  of  the  theoreti¬ 
cal  method  a  distribution  of  the  probabilities  of  times  ^o  crack 
initiation  for  each  critical  area  is  developed;  these  distributions 
are  herein  called  the  "theoretical  distributions".  Ia  addition  the 
empirical  distributions  of  the  actual  probabilities  of  times  to  the 
initiation  of  the  first  cracks  at  erich  critical  area  on  the  C-130B  and  C-130E 
aircraft  in  service  are  developed.  "fluese  distributions,  which  are 
developed  from  the  C-I30  service  experience  data  collected  and 
processed  in  Phase  I,  are  herein  called  the  "apparent  empirical 
distributions".  Then  each  theoretical  distribution  is  correlated 
vith  the  corresponding  apparent  empirical  distribution  using  the  Chi- 
Square  test  to  give  a  quantitative  measure  of  the  goodness  of  fit. 

For  another  test  of  the  accuracy  of  the  proposed  method,  several 
Weibull  and  log-normal  distributions  are  developed  which  best  fit  the 
apparent  empirical  distribution  of  the  C-130  service  experience  data 
for  each  area.  These  best  fit  distributions  are  then  correlated  vith 
the  corresponding  apparent  empirical  distribution  again  using  the  Chi- 
Square  test  to  give  a  quantitative  measure  of  the  fit. 
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As  a  third  teat,  the  proposed  method's  prediction  of  the  safe  life  for 
each  of  the  structural  components  is  calculated  and  then  compared  with 
the  corresponding  lowest  times  to  crack  initiation  from  the  C-130  service 
experience  data  for  each  critical  area.  These  safe  life  predictions  are 
calculated  by  applying  the  proposed  method  of  Reference  1  to  the  fatigue 
test  results  processed  in  Phase  I. 

Phase  III  -  Correlation  by  Usage  Groups  -  Hie  object  of  this  phase  is  to 
correlate  the  results  of  the  proposed  prediction  method  calculated  for 
each  of  several  C-130  service  usage  groups  (using  the  C-130  fatigue 
test  results)  with  the  service  experience  data  from  the  aircraft  in 
that  usage  group. 

This  phase  has  been  included  in  the  program  because  the  wide  range  of 
missions  far  which  the  C-130  has  been  used  make  it  virtually  impossible 
for  any  chosen  test  load  spectrum  to  represent  any  single  aircraft  or 
group  of  aircraft.  However,  one  basic  condition  of  the  proposed  method 
is  that  the  test  load  spectrum  used  in  the  safe  life  prediction  is 
representative  of  the  operational  loading.  It  is  reasonable  to  expect, 
therefore,  that  the  results  of  the  Phase  II  correlation,  in  which  the 
data  is  used  as  a  single  population,  will  not  be  ideal.  Consequently, 
in  this  and  in  the  next  program  phase,  the  information  available 
describing  the  wide  variation  of  C-130  usage  is  used  to  evaluate  the 
method  further  through  additional  correlations. 

The  C-130B  and  C-130E  aircraft  farming  the  population  samples  in  x.his 
study  are  separated  into  usage  groups  corresponding  to  their  base 
assignments.  This  distinction  is  used  because  C-130  aircraft 

assigned  to  certain  bases  generally  fly  specific  types  of  missions. 
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New  apparent  empirical  distributions  are  developed  for  each 
critical  area  from  the  service  experience  data  for  the  aircraft 
in  each  of  the  service  usage  groups  chosen  above.  The  new 
theoretical  distributions  calculated  for  each  critical  area  and 
usage  group  are  correlated  with  each  of  these  apparent  empirical 
distributions  by  using  the  Chi-Square  test. 

Again,  Weibull  and  log-normal  distributions  are  generated 
which  best  fit  the  service  experience  data  from  the  C-j-30  aircraft 
in  each  of  the  service  usage  groups.  Then  each  of  these  "best  fit" 
distributions  is  correlated  with  the  corresponding  apparent  empirical 
distribution  as  generated  above.  A  quantitative  measure  of  this 
correlation  is  determined  using  the  Chi-Square  test. 

Phase  IV  -  Correlation  With  Usage  Group  Adjustment  -  The  object  of 
thi6  phase  is  to  correlate  the  results  of  a  proposed  analysis, 
made  using  the  C-130  fatigue  test  results  which  have  been  normalized 
to  each  usage  group's  load  profiles,  with  the  Bervice  experience 
data  from  the  aircraft  in  the  corresponding  C-130  usage  group. 

The  load  profiles  corresponding  to  each  of  the  service  usage  groups 
determined  in  Phase  III  are  developed.  The  equivalent  fatigue  test 
results  are  calculated  by  normalizing  the  C-130B  and  C-130E  wings* 
full  saale  fatigue  test  results  for  each  critical  area  to  each 


usage  group's  load  profiles. 


The  proposed  method  (using  both  the  Weibull  and  the  log-normal 
distributions)  is  applied  to  the  equivalent  fatigue  test  results,  as 
calculated  above  for  each  usage  group,  to  develop  the  several  new 
theoretical  distributions  required.  Each  of  these  new  theoretical 
distributions  is  then  correlated  with  the  appropriate  apparent 
empirical  distribution  generated  in  Phase  III  for  the  same  usage 
group.  The  Chi-Square  test  is  applied  to  this  correlation. 

A  safe  life  prediction  is  calculated  for  each  critical  area  by  the 
proposed  prediction  method  (using  both  the  Weibull  and  log-normal 
distributions)  from  the  equivalent  fatigue  test  results  for  each 
usage  group.  Each  of  these  safe  life  predictions  is  then  compared 
with  the  time  to  crack  initiation  data  for  the  aircraft  in  the 
corresponding  usage  group. 

Phase  V  -  Review  and  Recommendations  -  The  object  of  this  phase  is 
to  evaluate  the  prediction  method  using  the  results  of  the  previous 
correlations  for  the  purpose  of  determining  the  validity  of  the 
method  in  its  present  form.  A  second  objective  is  to  develop 
recommendations  for  modifications  to  the  method  as  necessary  to 
improve  it  or  for  any  modified  approaches  which  may  be  more 
appropriate. 
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SECTION  III 


C-130  FATIGUE  TESTS  AMD  SERVICE  DATA 

Since  test  results  and  service  data  from  the  C-l^OB  and  E  aircraft 
are  used  in  this  program  as  a  basis  for  the  evaluation  of  the 
method  proposed  in  Reference  lt  a  description  of  the  C-130  is 
presented  in  this  section. 

The  C-130  airplane  is  a  turboprop  transport  designed  and  built  by 
the  Lockheed-Georgia  Company  for  the  U.  S.  Air  Force.  A  total  of 
more  than  1,100  C-l^O's  have  been  built  and  the  aircraft  is  currently 
in  production. 

There  are  several  basic  models  of  the  C-130.  These  axe  the  C-l^OA, 
C-l^OB,  C-130E  and  C-130H  models.  Several  variations  of  each  of 
these  basic  models  have  been  built  and  are  used  in  a  variety  of 
different  missions. 

The  C-l^OA,  the  first  production  model  of  the  C-130,  was  designed 
for  the  Tactical  Air  Command  of  the  U.  S.  Air  Force.  Prototypes 
first  flew  in  195^  and  the  first  production  models  became  operational 
with  the  Tactical  Air  Command  in  1956.  More  than  200  of  the  C-130A' s 
are  in  use  by  the  U.  S.  Air  Force. 

The  C-lj50B  model  is  similar  in  external  appearance  to  the  C-lj50A, 
but  includes  several  major  modifications  which  increase  its 
capabilities.  It  can  carry  more  fuel  and  has  higher  powered  engines. 


^XiB9M  .8<^X  ox  b9in/ooo  90£X-0  a  "to  dria.tXl  ooxdoxrboiq  deiil  9rtT 
.2  .U  9rid  ridxw  soxv-tse  nx  9ia  dlaioixa  Xabora  90£X-0  arid  to  002 
e  'Q0£X-D  XanoidxbbA  .biax/O  deaoO  .2  ,U  baa  ,lfvaM  ,8  .U  ,90*io3  ixA 

.esiidnx/oo  nsieiol  Xaiavae  ridxw  9oxvi98  nx  9*ia 

.QO^I-D  boa  AO £1-0  add  lo  ooieidv  baonavba  na  ex  Xabom  30£X-0  adT 
rfoixiw  enoicfaox'lxboffi  madexe  baa  Xaiudoiride  Xaiavae  89daioqiooni:  dl 
noxdaujaxlnoo  Xaonon  e’30£X-0  9riT  ,9803-1  boa  baoXijaq  edi  9ea9*ionx 
-oiq  dsixl  9riT  .ejlnad  la  lit  aniw-ia  bou  badm/om  xXXaxriadxa  eabuXonx 
narid  eaoM  .  XdQX  ox  amid  deirt  arid  lot  wsH  labom  30^1-0  noi^ox/b 
9rfd  ,99io3  ilA  .2  .U  arid  ridxw  noxdaiaqo  nJt  aia  eXabom  30^1-0  00+1 
9.1c*'  \;^^a-t^n9Ba9  ex  Xabom  30£X-0  ariT  .eaxidnuoo  nsxaiod  amoe  bn'  <.waH  .8  .U 
.  OOI-J  aril  do  labom  9no  as  9^B2u  If> -oiammoo  tod  b9idxJi9D  3£>rlJ  g£  smsa 

dx  dx ;d  , Xabom  30^1-0  arid  8a  amae  arid  yllaolead  ex  labom  H0£X-0  ariT 

.890X809  X'^iawoo  9iom  °.Bll 

O£X-0  arid  Jo  noxdaixrsxdnoo  Xaiixdoxridfc  an,  to  ooxjqxioej^  l9iid  A 

rewoXXod  xod  snxw  i9dnao 

.eXaoaq  ix/od  do  qir  abam  a x  xod  aoxw  ladnao  a.  do  aoadn/e  i9qqu  ariT 
rioa3  .biodo  nx  earioox  OS  bos  oaqa  ax  eanonx  0-M  ex  rioxxfw  do  rioaa 
xxe  riJxw  erioxexndxa  dT-SYXY  banirioam  me  id  badaoxidad  ex  l9naq 
aia  eisnaq  aaariT  .eXeviadnx  ri.nx  da  baoaqe  eiaexi  XaisadoX 
eisanxida  aexwnaqe  aairid  do  noxdsXXsdenx  arid  yd  banaddxde  laridii/t 
eXavudnx  rionx  d.d  da  baoaqe  enoidose  dari  babmdxa  dT-8YXY  moil  9bam 
.eayilqe  asxwnaqe  arid  da  dqeoxa  r tnamrioadda  bsdavXi  ridxw  baXXadenx  boa 


8 


The  spanwise  splices  are  configured  as  butt  joints  with  an  extended 
leg  of  a  hat  section  stiffener  forming  a  splice  plate  and  fastened 
with  steel  lockbolts. 

The  lower  surface  is  composed  of  three  panels,  each  of  which  is 
440  inches  in  span  and  26.7  inches  in  chord.  Each  panel  is 
fabricated  from  machined  7075- T6  plate  with  extruded  7075-T6  hat 
section  stiffeners  located  at  5-70  inch  spacing.  The  spanwise 
splices  and  attachment*  for  the  lower  surface  are  similar  to  those 
for  the  upper  surface. 

The  front  and  rear  beams  are  composed  of  7075-T6  extruded  cape 
with  7075-T6  webs.  In  the  Area  of  the  nacelle  the  webs  are  301 
full  hard,  17-7PH  or  AM}50  stainless  steel. 

There  are  discontinuities  in  the  form  of  cutouts  located  at  W.S.  0.0, 
120.5,  *nd  196  left  and  right  of  the  center  line  on  the  upper  surfaoe. 
On  the  lower  surface,  cutouts  are  located  at  W.S.  120.5  left  and  right 
of  the  center  line. 

The  center  wing  is  identical  on  both  the  C-lj50B  and  C-IJOE  aircraft 
except  for  the  configuration  of  the  reinfoxcmg  st-ucture  surrounding 
a  cutout  on  the  lower  surface  at  W.S.  120.5* 

Fatigue  tests  have  been  conducted  on  C-130B  and  C-IJOE  full  scale 
production  specimens  which  are  structurally  identical  to  the  wings  of 
the  service  aircraft.  These  "‘ests  simulated  fleet  environmental  and 
operational  conditions  existing  at  the  time  of  test.  The  fatigue  test 
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on  the  C-130B  article  simulated  a  Material  Airlift  Command  (MAC)  type  usage 
The  fatigue  test  on  the  C-130E  article  simulated  a  Tactical  Air  Com¬ 
mand  (TAC)  type  usage. 

A  structurally  complete  C-l^OB  wing  and  center  fuselage  were  subjected 
to  cyclic  loadings  calculated  to  simulate  the  fatigue  effects  of 
typical  flight,  internal  air  pressurization,  and  taxi  loads.  Each 
pass  of  the  test  load  spectrum  represents  1,500  hours. 

Three  major  damage  items  involving  the  initiation  of  cracks  in  the 
structure  of  interest  in  this  program  occurred  during  the  course  cf 
the  C-l^OB  wing  fatigue  test.  A  brief  description  of  points  of 
interest  concerning  the  test  follows: 

The  first  of  ■‘lese  damage  items  occurred  near  the  end  of  the  second 
pass  of  the  test  load  spectrum.  Numerous  fatigue  cracks  were 
discovered  in  the  center  wing  upper  surface  in  the  vicinity  of  W.S. 

38  and  W.S.  105  left  and  right.  It  was  necessary’  to  replace  the 
complete  center  wing  upper  surface  except  for  the  W.S.  220  fitting 
and  several  rib  caps  before  continuing  fatigue  testinge 

Reanalysis  showed  the  test  loads  to  be  too  severe  and,  before 
testing  was  resumed,  the  taxi  and  ground-air-grouna  loads  were  revised. 

The  test  was  then  continued  with  the  new  center  wing  upper  surface  and 
the  revised  test  loads  spectrum. 

Pass  4  and  5  of  the  revised  test  loads  spectrum  was  a  double  pass 
using  double  the  number  of  cvcles  for  a  regular  pass  of  the  spectrum.. 
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The  second  damage  item  of  interest  was  a  repetition  of  the  first 
and  occurred  near  the  end  of  the  double  pass  4  and  5.  The  test 
was  terminated  at  this  point. 

The  third  damage  item  of  interest  occurred  in  the  vicinity  of  the 
comers  of  the  rectangular  cutout  located  on  the  lower  surface  at 
W.S.  120.5*  These  cracks  were  discovered  during  the  teardown  inspec¬ 
tion  following  the  yesiaual  strength  test  conducted  on  the  specimen 
after  the  fatigue  test  had  been  terminated.  It  was  determined  at 
the  time  that  these  cracks  were  fatigue  oriented. 

The  results  of  a  correlation  analysis  of  the  cracks  discussed  in  the 
above  paragraphs  am  presented  in  section  V  of  this  report. 

The  C-130E  test  article  consists  of  a  production  C-l^OE  wing  and 
supporting  fuselage  barrel  section.  The  fuselage  reacts  all  of  the 
applied  wing  loads  by  the  gear  support  structure  during  the  landing 
operation  phases  and  by  simulated  fuselage  inertia  loads  for  flight 
condition  phases. 

The  cyclic  loading  fatigue  test  of  the  C-lj50E  wing  simulates  the 
anticipated  operational  loads  to  be  experienced  by  the  wing  of  a 
C-l^OE  airplane  assigned  t-o  the  Tactical  Air  Connandc  These  missions, 
which  are  oased  on  utilization  data,  are  short  range  logistics,  medium 
range  logistics,  long  range  logistics,  proficiency  training,  and 
combat  training.  Each  pass  of  the  test  load  spectrum  represents 
1,000  hours. 
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The  upper  surface  panels  were  removed  after  six  passes  of  the  C-130E 
TAC  test  loads  spectra  had  been  applied  and  replaced  with  a  redesigned 
configuration.  Prior  to  this  time  cracks  had  been  initiated  at  one 
of  the  three  critical  areas  of  interest  in  this  program.  This  was  located 
at  W.S.  38  upper  surface.  These  were  small  cracks  in  the  skin  panels 
at  the  last  fasteners  common  to  the  skin  and  tne  center  line  dry  bay 
accnss  door  doubler. 

From  the  above  discussion  it  is  seen  that  the  C-130B  fatigue  test 
furnished  two  data  points  for  both  the  W„S.  38  “id  W.S.  105  upper 
surface  areas  and  ono  date  point  for  the  W.S. 120.5 lower  surface  area. 
Likewise, the  C-130E  fatigue  teat  furnished  one  data  point  Tor  the 
W.S.  38  upper  surface  area. 

lockheed  is  conducting  a  fatigue  tracking  program  on  the  C-130  fleet 
under  contract  with  Warner  Robins  Air  Materiel  Command  as  a  part 
of  the  C-130  Aircraft  Structural  Integrity  Program.  This  program 
was  initiated  in  early  1968  and  is  planned  to  continue  through 
phass-out  of  the  aircraft. 

Through  an  extensive  reporting  system  the  USAF  supplies  ope rat: onal 
data  .relating  to  usage  of  the  aircraft  and  structural  data  relating 
to  crack  ■'  tiation  and  propagation  for  individual  aircraft  to 
LocTheed.  These  data  when  interpreted  in  terms  of  available  fatigue 
test  data  supply  the  input  necessary  to  monitor  individual  C-130 ’s 
in  tenas  of  structural  reliability. 


SECTION  IV 


ANALYTICAL  DEVELOIMERT  DESCRIPTION 

Tills  section  describes  the  development  of  equations  for  a  computer 
program  to  facilitate  teats  for  assessing  the  validity  of  the  method 
proposed  in  Reference  1.  This  computer  program  correlates  service 
experience  information  from  the  C-130  fatigue  Life  Monitoring  Program  in  a 
form  for  considering  the  following  questions.  Is  the  distribution 
predicted  on  the  basis  of  the  proposed  method  applied  to  C-130  full 
aoale  fatigue  tests  a  reasonable  representation  of  the  statistics 
of  crack  occurrence?  Does  the  C-130  oraok  initiation  data  fit  a  Weibull 
or  log-normal  distribution?  If  the  C-130  crack  initiation  data  fits  one 
of  these  distributions,  are  the  A.F.M.L.  selected  shape  factors  good 
choices? 

To  aid  in  answering  these  questions,  the  computer  program  generates 
the  following  distributions,  the  apparent  empirical  distribution, 
the  theoretical  distribution  predicted  on  the  basis  of  full  scale 

fatigue  testa,  and  Weibull  and  log-normal  distributions  that  provide 

/ 
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the  best  fit  to  the  data.  A  X  statistical  test  has  been  devised  for 
each  of  these  distributions. 

The  apparent  distribution  is  sn  empirical  distribution  determined 
from  the  data  in  a  manner  similar  to  the  determination  of  mortality 
tables.  The  equations  for  the  apparent  distribution  were  initially 
derived  in  Reference  2  These  equations  account  for  the  probable 


effect  of  uncracked  aircraft  in  a  reasonable  manner  without  assuming 
any  sort  of  general  form  for  the  cracking  distribution.  This  distri¬ 
bution  accounts  for  the  probable  effect  cf  the  uncracked  members  of 
the  fleet  by  the  use  of  conditional  probabilities.  This  is  accomplish¬ 
ed  by  the  assumption  that  an  uncracked  aircraft  that  was  last  observed 
to  be  uncracked  when  it  had  accumulated  "T"  flight  hours  is  equally 
likely  to  be  any  member  of  the  fleet  with  a  crack  initiation  time 
greater  than  T. 

The  test  distributions  are  the  theoretical  distributions  predicted 
by  applying  the  techniques  of  the  proposed  method  of  the  results  of 
the  C-130  full  scale  fatigue  tests.  These  techniques  assume  values 
for  the  shape  factors  of  the  Weibull  and  log-normal  distributions. 

Ihe  model  values  of  these  distributions  are  determined  from  full 
scale  tests  by 

@  =  TTf  (jE,  T«-*  (n~nf)  Tnf)]/ 

for  the  Weibull  distribution  and 

,n/3  ■  t  J,  Ti 

for  the  log  normal,  where  T^  is  the  i^*1  test  failure  in  equivalent 
flight  hours. 

The  best  fit  distributions  are  simply  least  squared  fits  to  the 

\ 

apparent  distribution.  There  are  eight  best  fit  distributions,  four 
Weibull  best  fits  and  four  log-normal  best  fits.  For  each  of  these 


two  types  of  best  fit  distributions,  there  are  tvo  distributions  with 
the  shape  factors  assumed  in  the  proposed  iLethod,  and  two  with  both 
scale  and  shape  factors  determined  by  the  least  squares  fit  technique. 

In  each  of  these  categories  there  are  two  distributions.  One  pro¬ 
vides  a  best  fit  to  the  entire  population  of  aircraft  and  the  other 
only  to  the  first  half  of  this  population. 

An  important  factor  in  developing  the  techniques  for  determining  the 
best  fit  distributions  wa6  consideration  of  computer  checkout  and 
running  time,  and  the  programming  time  required.  The  most  mathemati¬ 
cally  rigorous  technique  would  have  been  the  maximum  likelihood  estimator 
(MLE)  technique  discussed  in  Reference  3*  Solution  of  the  MLE  equations 
requires  iterative  techniques  similar  to  Newton's  method.  Although 
these  equations  appear  reasonably  straightforward,  experience  indicates 
that  the  required  iterative  techniques  frequently  require  significant 
amounts  of  programming  and  computer  checkout  time  before  a  correct 
solution  can  be  obtained  in  a  reasonable  amount  of  computer  run 
time.  The  best  fit  techniques  used  have  been  constructed  out  of 
existing  well  proven  computer  programs.  Biese  techniques  are 
not  without  precedence  because  of  their  resemblance  to  the  common 
practice  of  plotting  empirical  data  on  probability  graph  paper  and 
"eyeballing"  a  straight  line  fit. 

All  the  best  fit  distributions  are  constructed  for  two  sets  of  data. 

One  set  consists  of  data  from  the  complete  fleet  or  usage  group.  'Die 
other  set  consists  of  data  from  half  the  fleet  or  usage  group  including 
only  the  earlier  failures.  This  second  set  was  considered  because 
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predictions  of  fleet  reliability  usually  depend  only  on  the  first 
portion  of  the  distribution  that  predicts  early  failures.  Thus  it 
is  not  necessary  that  a  Weibull  or  log-normal  distribution  fit  the 
later  failures  for  the  proposed  method  to  be  valid. 

In  planning  the  reduction  of  the  data  from  the  C-IJO  fleet,  the  ques¬ 
tion  arose  as  to  what  should  be  considered  a  crack  at  a  specified  wing 
station.  Should  it  be  from  a  specified  rivet  and  directed  in  a  speci¬ 
fied  direction?  In  considering  this  question,  the  distribution  for  the 
time  of  the  first  of  several  cracks  was  examined.  It  was  found  that  if 
each  of  the  several  cracks  were  initiated  according  to  Weibull  distribu¬ 
tions  with  a  single  shape  factor  then  the  time  of  the  first  of  these 
cracks  also  fit  a  Weibull  distribution  with  the  same  shape  factor. 

(In  considering  this  question,  it  was  discovered  that  the  minimum  value 
of  each  sample  of  a  set  of  random  variables  fit  a  Weibull  distribution 
if  each  random  variable  is  Weibull  with  the  same  shape  factor.)  Thus, 
if  the  assumption  of  a  constant  shape  factor  made  in  developing  the  pro¬ 
posed  method  is  correct,  it  can  be  applied  to  the  first  crack  developing 
at  a  .wing  station  without  considering  at  which  rivet  the  crack  1b  located  or 
the  direction  of  the  crack. 
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SECTION  V 


USAGE  GROUP  DEVELOPMENT 

During  the  course  of  the  Fatigue  Life  Monitoring  Program  (FI24P), 
funded  by  the  Warner  Robins  Air  Materiel  Area  (WRAMA),  the  past 
history  of  the  operation*!  usage  of  the  C-I30  fleet  has  been  re- 
contructed  for  each  individual  aircraft  of  the  fleet.  The  develop¬ 
ment  of  this  historical  data  is  reported  in  detail  in  Reference  4, 
but  it  is  summarized  here  to  illustrate  the  basic  background  of  in¬ 
formation  available  prior  to  separating  the  fleet  into  usage  groups. 

Flight  logs  or  records  of  specific  missions  flown  by  each  individual 
aircraft  were  generally  not  available  for  use  in  the  program.  If 
they  had  been  available,  the  task  of  collecting  and  processing 
this  data  would  have  been  prohibitively  costly.  Therefore,  the 
process  of  reconstructing  the  past  history  was  necessarily  an  in¬ 
direct  one,  relying  to  a  large  extent  on  the  recollection  and 
estimates  furnished  by  experienced  personnel  in  the  Air  Force. 

These  estimates  have  been  refined  in  certain  specific  areas  where 
substantiating  data  were  available  such  as  VGH  data  reports,  Lockheed 
analyses  of  mission  profiles  and  damage  rates  at  various  bases, 
and  the  recently  implemented  Usage  Forms  from  which  detailed  current 
usage  data  are  now  becoming  available.  The  overall  procedures  for 
estimating  the  past  history  include: 

°  The  establishment  of  the  chronological  sequence  of  an 
individual  aircraft's  assignment  to  key  Air  Force  Bases 
from  existing  records  of  possession. 

0  The  establishment  by  specific  time  pariods  of  the  types  of 
missions  flown  and  the  percent  utilizations  thereof  at  each 
key  Air  Force  Base.  'These  estimates  were  obtained  through 
the  various  Base  Commanders  recognizing  differences  by  Using 
Command  and  Wing  as  appropriate. 
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o  The  establishment  of  a  set  of  nine  basio  mission  profiles 
to  represent  the  basic  variety  of  moot  missions  flown  by 
the  aircraft  in  the  fleet  by  using  the  information  collected 
from  these  sources  along  with  similar  information  from  Lockheed 
Field  Service  personnel. 

o  The  establishment  of  the  percent  of  flight  time  of  each  air- 

l  \  , 

craft  at  specific  points  in  time  pxdrated  to  each  mission 
according  to  the  percentage  mission  utilizations  established 
for  each  air  base. 

The  end  result  of  these  operations  yielded  the  reconstructed  past  history 
for  each  individual  aircraft.  Ihis  information  formed  the  basis  for  in¬ 
terpolating  the  usage  data  to  obtain  the  percent  of  time  flown  in  each 
mission  by  each  aircraft  at  the  time  of  fatigue  crack  initiation  at  the 
selected  locations. 

Various  refinements,  updatings  and  details  of  the  above  procedures  are 
more  fully  discussed  in  Ref erence  1*  . 


A  display  o:  the  miesion  utilizations  for  eaoh  individual  aircraft  re¬ 
vealed  «.  wide  pattern  of  mission  combinations  flown  with  several  sub- 

/ 

patterns  existing  at  the  time  of  crack  initiation.  It  had  previously 
been  decided,  however,  to  subdivide  the  aircraft  usage  groups  into  four 
categories  for  several  reasons: 

o  Four  categories,  representing  a  large  part  of  the  usage 
lata,  were  fairly  evident  from  a  review  of  the  mission 
utilization  data. 

o  Four  categories  are  sufficient  to  segregate  large  differences 
in  individual  aircraft  usage  and  demonstrate  the  applicability 
of  the  reliaoil  ty  analysis. 

o  A  larger  number  of  categories  would  increase  the  amount  of 
ucmputational  time  and  effort  while  decreasing  the  statistical 
reliability  cf  a  given  category,  > 
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Thft  four  categories  of  usage  data  were  obtained  by  visual  inspection 
of  the  usage  data.  For  convenience  they  were  given  names  that  coincided 
with  the  misalon(a)  which  had  the  relatively  largest  amount  of  flight 
time  in  a  given  mission  or  group  of  similar  missions.  Ifce  average  mission 
utilization  in  each  of  the  four  categories  was  also  calculated.  A  summary 
of  the  composition  of  the  usage  groups  in  terms  of  the  nine  basic  mission 
profiles  is  shown  in  Table  I. 

\ 

Two  other  distinct  categories  of  usage  were  noted,  but  were  not  used  in 
the  subsequent  analyses.  About  a  dozen  aircraft  have'  been  used  almost 
entirely  in  etorm/weather  reconnaissance,  but  they  haVe  experienced  few 
fatigue  cracks.  About  fifteen  aircraft  have  been  used  Wavily  in  the 
low  altitude  high  speed  mission  number  9«  These  latter  aircraft  have  had 
fatigue  cracks  to  initiate  at  the  earliest  recorded  aircraft  flight  time 
(approximately  1500  hours),  but  a  relatively  precise  time  of  crack  initi¬ 
ation  on  these  aircraft  was  difficult  to  substantiate.  In  addition, 
several  individual  aircraft  were  not  included  in  any  group  on  the  basis 
that  they  could  not  logically  be  grouped  into  one  or  the  other  of  the 
above  four  usage  groups.  For  example,  airplanes  which  had  spent  a  signif¬ 
icant  fraction  of  their  life  in  the  long  range  mission,  usage  group  I, 
and  were  then  diverted  to  usage  in  a  more  severely  damaging  usage  group, 
such  as  usage  group  If,  were  not  included  in  any  usage  group  because, in 
the  context  of  this  study,  they  are  not  members  of  the  same  statistical 
population.  The  net  result  of  these  and  other  specific  eliminations 
reduced  the  total  number  of  aircraft  included  in  the  groups  from  the  orig¬ 
inal  number  of  439  C-130B/E  aircraft  to  366  aircraft.  A  summary  of  the 
number  of  aircraft  assigned  to  a  given  category  is  presented  in  Teble  11, 
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SECTION  VI 

C- 170  TEST  RESULT  ADJUSTMENT  .  -"■ — v 

'.  ) 
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In  Phase  IV  of  the  program  the  Freudenthal-Boeing  method  is  applied  to 
values  of  the  C-130  full  scale  fatigue  test  results,  which  have  been 

adjusted  to  the  load  profiles  defined  for  each  of  the  usage  groups 

\  I 

selected  in  Phase  III.  The  background  pertinent  to  the  calculation 
of  the  fatigue  endurance  of  the  C-130  structure  required  in  making 
these  adjustments  of  the  test  results  is  discussed  in  this  section. 

j 

I 

The  usage  groups  are  each  composed  of  those  aircraft  in  the  fleet  which 
are  reported  to  have  flown  a  similar  combination  oflthe  missions  con¬ 
tained  in  the  C-130  nine  mission  profiles.  The  C-1/30B  and  E  mission 
utilization  by  usage  group  is  shown  in  Table  I.  ^ 

Nine  mission  profiles  have  been  established  in  the  C-130  Fatigue  Life 
Monitoring  Program  to  cover  the  operational  usage  of  the  Air  Force's 
C-130  fleet.  The  utilization  of^thest/  missions  by  the  C-130  aircraft 
has  been  determined  for  each  C-130  base  as  discussed  previously  in 

/' 

Section  V.  Then  the  aircraft  stationed  at  a  certain  base  are  cpnsidered 
to  operate  according  to  the  mission  utilization  determined  for  that  base. 
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The  operational  usage  environment  of  each  of  these  missions  is  composed  of 
flight  segments  and  ground  segments.  *  Each  of  these  segments  is  defined 
by  four  operational  parameters  which  are  considered  to. be  especially 
significant  in  defining  the  configuration  of  the* airplane  in  that  segment 
and  the  loads  environment.  The  operational  parameters  chosen  to  define 

1 

the  flight  segments  are  altitude,  velocity,  fuel  weight,  and  cargo  weight. 
For  the  ground  segments  they  are  type  of  ground  event  (i.e.  taxi,  takeoff, 
run  out,  landing  impact,  touch  and  go,'  and  ground-air-ground),  fuel  weight, 
cargo  weight,  and  type  of  field  surface. 

The  range  of  values  of  the  operational  parameters  of  altitude,  velocity, 
fuel  weight,  and  cargo  weight  are  divided  up  into  bands.  Within  each  of 
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the  bands,  which  cover  a  convenient  range  of  values  of  the  parameter, 
the  effect  of  the  parameter  or  the  fatigue  load  is  treated  as  constant. 

A  data  block  is  defined  as  a  unique  combination  of  one  band  value  for 
each  of  the  four  significant  parameters  from  either  the  flight  or  ground 
segments.  These  data  blocks  which  are  used  were  selected  because  they 
represent  bands  of  the  parameters  which  are  approximately  symmetrical 
about  the  expeoted  normal  operating  speeds  and  altitudes  and  they  afford 
coverage  over  the  range  of  cargo  and  fuel  weights.  The  totality  of  data 
blocks  for  either  the  flight  or  ground  segments  are  composed  of  the 
permutations  of  all  the  bends  of  the  four  significant  parameters  for 
that  segment. 

For  a  given  data  block,  the  loads  applicable  to  it  can  be  determined.  The 
fatigue  damage  attributed  to  each  data  block  on  a  unit  time  basis  can  be 
calculated  using  these  loads.  For  this  study,  the  fatigue  damage  in  the 
three  structural  components  of  interest  are  calculated  for  several  qual: ty 
levels  for  eaoh  of  the  individual  data  blocks  on  a  unit  time  basis. 

These  values  of  fatigue  damage  are  calculated  using  the  Palmgren-Miner 
Theory  of  Cumulative  Fatigue  Damage.  This  theory  states  that  the  fatigue 
damage  occurring  at  a  specific  combination  of  mean  stress  and  varying 
stress  is  given  by  the  ratio  of  the  number  of  cycles  of  this  specific 
lead  level  applied  to  the  structure  to  the  number  of  cycles  required  to 
initiate  a  crack  in  the  structure.  When  the  summation  of  these  ratios 
from  all  load  levels  applied  to  the  structure  is  equal  to  unity  then  a 
fatigue  crack  la  assumed  to  initiate  in  the  structure. 

For  each  mission  cf  the  nine  mission  profiles  the  utilisation  of  a 
•particular  aircraft  in  terms  of  the  time  spent  in  each  dais  block,  is 
defined.  So  the  total  fatigue  damage  that  an  aircraft  is  subject  to 
while  flying  a  particular  mission  is  obtained  by  accumulating  the  pro¬ 
ducts  of  time  and  damage  for  all  data  blocks  pertinent  to  that  mission. 
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Values  of  th«  fetigus  endurance  par  quality  level  per  usage  group  are 
calculated  from  these  values  of  fatigue  damage  per  mission  and  the  number 
of  flights  of  each  mission  flovn  by  an  average  aircraft  in  the  usage 
group.  These  calculated  values  are  used  to  plot  curves  of  fatigue  endur¬ 
ance  versus  quality  level  for  each  usage  group. 

Than  these  curves  along  with  the  values  of  quality  level  corresponding  to 
each  structural  component  considered  ai j  used  to  determine  the  required 
adjusted  values  of  the  fatigue  test  results. 
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SECTION  VII 
RESULTS  OF  CORRELATIONS 


The  results  presented  in  this  section  of  the  report  consist  of 
the  results  from  Phases  I  through  IV  of  the  study.  The  results  of 
a  review  of  these  comparisons  are  presented  in  Section  VIII. 

Tables  I  and  II  lists,  respectively,  the  C-130B  and  E  mission 
utilisations  in  each  of  the  usage  groups  selected  and  the  number 
of  C-130  aircraft  assigned  to  each  specific  usage  group.  Table 
III  lists  the  test  endurance  results  from  the  full  scale  fatigue 
tests  on  the  C-130B  and  C-130E  test  articles  along  with  the  equiv¬ 
alent  E-TAC  analysis  endurances  and  the  equivalent  usage  group 
analysis  endurances. 

Table  IV  lists  the  expected  values  of  the  fatigue  endurance 
scatter  factors  versus  reliability,  calculated  according  to  the 
method  of  Reference  1 .  Tables  V  through  XIX  list  -the  corres¬ 
ponding  values  of  the  fatigue  endurance  predicted  for  the  com¬ 
ponents  of  the  C-150  structure  considered.  These  values  have  been 
calculated  by  applying  the  above-mentioned  scatter  factors  to  the 
point  estimates  of  the  Weibull  characteristic  times  to  crack  ini¬ 
tiation  or  to  the  log-normal  median  time  from  the  C-I30  fatigue 
test  results.  The  test  results  used  in  these  computations  were 
based  on  either  the  e*  bivalent  E-TAC  analysis  loads  or  the  equiva¬ 
lent  loads  defined  for  each  of  the  usage  groups  as  noted  on  the 
table. 

« 

Figures  1  through  13  show  the  curves  of  the  distributions  of  the 
probabilities  of  the  times  to  crack  initiation  developed  by  con¬ 
sidering  the  service  experience  data  from  the  whole  fleet  of  C-130B 
and  S  aircraft  as  a  single  population.  Figures  16  through  87 
show  the  curves  of  the  distributions  of  the  probabilities  of  the 
times  to  orack  initiation  developed  using  the  service  experience 
data  obtained  from  the  C-130  aircraft  separated  into  usage  groups. 
Some  of  these  figures  show  the  curves  of  the  Veibull  and  log- 
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normal  distributions  that  "best  fit"  the  apparent  empirical 
distribution  curves  of  the  C-130  service  experience  data  for 
each  structural  component,  considering  in  turn  all  the  aircraft 
and  then  half  of  the  aircraft.  The  other  figures  show  the  curves 
of  the  Weibull  and  log-normal  theoretical  "test"  distributions 
calculated  using  the  method  proposed  in  Reference  1,  vitn  values 
of  the  C-130  test  results  based  either  on  the  C-I30  E-TAC  analysis 
loads  or  the  load  cases  defined  far  each  usage  group. 

A  summary  of  the  study  results  is  shovn  in  Table  XX  . 
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SECTI  OH  VIII 


DISCUSSION  OF  COMPARISION  PROCEDURES 

\ 

Ibis  section  summarizes  the  revlev  of  the  comparisons  mads  in  this 
study  program. 

Comparisons  between  the  estimates  of  the  times  to  the  initiation  of 
the  first  and  the  second  cracks  in  the  structural  details  of  the 
C-130  considered  in  this  study  and  the  observed  times  obtained  from 
service  experience  are  given  in  Tables  XXI  through  XXX.  These 
comparisons  are  summarized  in  Table  XXXI. 

These  results  may  indicate  vhat  level  of  accuracy  can  be  expected  of 
the  use  of  the  method;  however  they  do  not  isolate  the  source  of  the 
discrepancies*  Basically,  there  are  three  sources  of  discrepancies 
considered  in  this  study.  They  are: 

1*  The  differences  between  the  fatigue  environment  of  the 

inservlce  aircraft  and  that  of  the  fatigue  test  specimens. 

2.  The  expected  errors. 

3*  The  differences  between  the  proposed  theoretical  distributions 
and  the  true  distribution  of  the  time  to  crack  initiation. 

The  first  of  these  sources  of  the  discrepancies,  the  factors  leading 
to  the  differences  between  the  fatigue  environments  of  service  and 
test  are  not  a  fault  of  the  proposed  method.  This  is  a  problem 
involving  the  structural  fatigue  tests  and  these  resulting  discrepancies 
should  be  removed  from  the  comparisons  before  they  are  used  in  evaluat¬ 
ing  the  adequacy  of  the  proposed  method. 

The  removal  of  those  discrepancies  originating  from  this  source 
involved  determining  those  test  results  that  belong  to  the  same 
population  as  the  service  experience  results  and  those  that  do  not. 

The  niAifd mum  and  minimum  test  equivalent  times  are  compared  with  the 
empirical  distributions.  The  results  of  these  comparisons  are 
summarized  in  Tables  XXXII  and  XXXIII.  These  results  indicate  that 
all  the  adjusted  test  results  and  all  of  the  unadjusted  test  results 
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except  that  fear  wing  station  120.5  on  Group  4  aircraft  most  likely 
do  not  belong  to  the  corresponding  populations  of  service  experience. 
In  addition,  there  are  a  few  aircraft  included  in  the  whole  fleet 
comparisons  shown  in  Table  XXI  that  do  not  fit  into  any  of  the  usage 
groups  selected.  The  service  data  indicates  that  the  usage  of  these 
aircraft  has  been  so  severe  that  cracks  are  initiating  in  them  much 
sooner  than  in  the  rest  of  the  fleet.  For  this  reason,  these  air¬ 
craft  have  been  omitted  from  all  four  usage  groups  and  should  be 
considered  as  part  of  another  population.  If  the  data  pertaining  to 

s 

the  above  mentioned  aircraft  are  eliminated  from  the  data  contribut¬ 
ing  to  Table  XXXI,  the  remaining  results  are  given  in  Table  XXXIV  . 

The  second  source  of  the  discrepancies,  the  expected  errors,  result 
from  the  following  random  processes  involved  in  the  calculation  of  a 
prediction  of  time  to  crack  initiation. 

The  first  random  process  to  be  considered  is  the  selection  of  the 
scale  parameter  on  the  basis  of  a  small  sample  size,  i.e.,  the  limited 
number  of  full  scale  fatigue  test  results.  Hie  values  of  the  scale 
parameters  used  in  the  study  are  shown  in  Table  XXXV.  Those  values 
used  in  the  "Best  Fit"  distributions  were  calculated  from  the  "Best 
Fit"  equations  discussed  in  Section  IV,  and  those  values  used  in 
the  "Test"  distributions  were  determined  using  the  method  of 
Reference  1,  The  percent  differences  between  these  C-130  scale 
parameter  values  and  those  determined  from  the  apparent  empirical 
curves  are  given  in  Tfcble  XXXVI  . 

A  second  random  process  is  the  process  of  development  of  the  first 
crack  in  the  fleet.  The  proposed  method  is  designed  to  insure  that 
the  probability  of  these  random  processes  resulting  in  an  unconserva¬ 
tive  estimate  iB  small.  Hiis  causes  a  conservative  estimate  of  the 
expected  time  to  crack  initiation  ^o  be  calculated;  so  that  the 
predicted  endurance  is  less  than  the  expected  endurance. 

The  exact  expected  values  of  the  scatter  factors  and  the  predicted 
time  to  the  initiation  of  the  first  crack  in  the  C-130  wing,  computed 
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versus  reliability  for  three  values  of  the  Weibull  shape  parameter 
discussed  in  Reference  1,  are  shovn  in  Tables  XXXVII  and  XXXVIII. 

The  derivation  of  the  equations  used  in  these  calculations  is  based 
on  the  Veibull  distribution.  This  derivation  is  shoyp  in  the  Appen> 
dix.  The  values  of  the  shape  parameters  used  are  the  upper  bound  value 
proposed,  the  maximum  likelihood  estimator  value,  and  the  tvo-ordered 
failure  estimated  value.  The  percent  differences  between  the 
conservative  expected  values  of  Tables  V  through  XIX,  calculated 
according  to  the  method  of  Reference  1,  and  the  exact  expected  values 
discussed  above  are  given  in  Table  XXXIX  . 

The  third  source  of  the  discrepancies,  the  differences ^bettffe'en  the 
true  distribution  of  time  to  crack  initiation  and  tiie  proposed 

theoretical  distributions,  will  be  considered  as/4vo  points. 

/ 

The  first  concerns  the  adequacy  of  the  values  of  the  shape  parameters 
proposed  by  Reference  1.  The  C-130  related,  empirical  shape  parameters 
as  determined  from  the  "Best  Fit"  distributions  are  given  In  Table 
XXXX  .  The  percent  differences  between  the  values  of  the  shape 
parameter  proposed  by  Reference  1  and  these  C-130  empirical  values 
are  shown  in  Table  XXXXI  .  In  addition,  the  exact  expected  values  of 
the  time  to  initiation  of  the  first  crack  in  the  C-130  wing  versus 
reliability  for  these  same  C-130  empirical  values  of  the  Weibull  shape 
parameter  were  calculated  using  the  equations  derived  in  tha  Appendix 
based  on  the  Weibull  distribution.  These  values  are  presented  in 
Table  XXXXII* 

The  second  point  concerns  the  relative  adequacy  of  the  log-normal  and 
Weibull  distributions  to  predict  the  true  distribution  of  times  to 
crack  initiation  in  the  structure  cf  an  aircraft  from  a  fleet.  The 
values  of  the  times  to  the  initiation  of  cracks  in  several  C-130 
center  wing  structural  locations  taken  for  selected  percentiles  from 
the  curves  of  Figures  1  through  BT  are  shown  in  Table  XXXXIII  . 
The  percent  differences  between  these  times  to  crack  initiation  and 
thoae  observed  empirical  values  taken  from  the  apparent  empirical 
distributions  are  given  in  Table  XXXXIV  .  In  addition,  the  percent 
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differences  in  times  to  crack  initiation  between  the  "Best  Fit" 
distributions  computed  using  the  proposed  values  of  the  shape 
parameter  and  those  computed  using  a  value  of  the  shape  parameter 
determined  by  the  Best  Fit  equations  are  given  in  Table  XXXXV  . 

The  number  of  these  values  of  percent  differences  which  are 
greater  than  10  percent  is  shown  in  Table  XXXXVI  .  The  number 
which  have  a  value  greater  than  20  percent  is  shown  in  Table  X50QCVTI. 
These  tables  include  values  corresponding  to  both  the  log-normal  and  • 
Veibull  distributions  far  purposes  of  comparison. 
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SECTI 01  IX 


DISCUESIOI  OF  RESULTS 

This  section  discusses  the  results  of  the  reviev  of  the  comparisons 
made  in  this  study  for  the  purpose  of  evaluating  the  probabilistic 
approach  to  structural  fatigue  endurance  prediction  discussed  in 
Reference  1  .  Tbs  details  of  this  reviev  are  described  in  Section 
VIII  • 

Three  possible  sources  of  discrepancies  between  the  predicted  and 
observed  values  of  fatigue  endurance  are  discussed  in  Section  VIII  • 
They  are  the  differences  between  fatigue  environment  of  inservice 
aircraft  and  test  specimens,  the  expected  errors,  and  the  differences 
between  the  theoretical  and  the  true  distributions.  The  results 
of  the  reviev  relating  to  these  sources  will  be  discussed  in  this 
section. 

The  range  of  the  percent  differences  between  the  C-130  fatigue 
endurance  predictions  calculated  using  the  method  of  Reference  1 
and  the  observed  times  to  crack  initiation  are  quite  broad  for 
the  cases  considered  in  this  study.  These  differences  for  the 
weakest  fleet  member  vary  from  -89  to  180  percent  for  the  Weibuli 
distribution  based  predictions  and  from  -8l  to  308  percent  for  log¬ 
normal  distribution  based  predictions.  The  differences  for  the  2nd 
weakest  fleet  member  vary  from  -82  to  lM+  percent  for  the  Weibuli 
distribution  based  predictions  and  from  -77  to  122  percent  for  the 
log-normal  distribution  based  predictions . 

The  fatigue  environment  differences  between  the  C-130's  test  and 
service  affect  these  differences  between  predicted  and  observed 
values.  Therefore,  when  the  data  from  the  test  results  not  belong¬ 
ing  to  the  same  population  as  the  service  experience  and  also  tbe 
data  frotf  theme  aircraft  that  have  had  more  severe  service  usage 
than  the  rest  of  the  fleet  have  been  eliminated,  then  the  range 
of  percent  differences  is  narrowed  down  somewhat.  This  censored 
range  varies  for  the  weakest  fleet  member  from  ~''9  to  -35  percent 


for  the  Weibull  Distribution  based  predictions  and  from  -66  to 
-5  percent  for  the  log-normal  distribution  based  predictions; 

and  for  the  2nd  weakest  fleet  member  from  -67  to  20  percent  for 

\ 

the  Weibull  distribution  based  predictions  and  from  -59  to  -7 
percent  for  the  ..og-normar  distribution  based  predictions.  The-  , 
Weibull  distribution  based  predictions  are  generally  more 
conservative  than  are  the  log-r:ormai  based  predictions. 

The  expected  errors  include  the  inaccuracies  inherent  in  choosing 
the  value  of  the  scale  parameters  from  a  very  limited  number  of 
test  points.  The  differences  between  the  scaie  parameter  values 
calculated  from  the  C-130  fatigue  test  results  with  the  maximum 
likelihood  estimating  procedure  and  the  values  obtained  from  the 
empirical  curves  of  the  C-i30  service  results  for  the  whole  fleet 
is  about  1  percent  for  the. Weibull  distribution  related  parameter 
and  varies  from  -3  to  24  percent  for  the  log-normal  distribution 
related  parameter.  The  range  of  the  corresponding  differences 
based  on  comparisons  of  these  calculated  values  with  values  chosen 
from  the  empirical  curves  for  the  several  usage  groups  is  between 
-30  and  59  percent  for  the  WeibuLl  distribution  parameters,  and 
-28  and  69  percent  for  the  log-oormai  distribution  parameters. 

These  comparisons  are  contained  i:.  Tab:*  XXXVI  under  the  heading 
"Test  Distribution".  In  addition,  the  differences  between  the 
scale  parameter  values  calculated  for  the  "Best  Fit"  distributions 
for  both  the  cases  of  assumed  and  empirical  shape  parameters  and 
the  same  empirical  values  as  used  above  are  shown  on  the  same  table. 
It  Is  seen  from  the  Tab.e  XXXV  tnat  values  of  empirical  scale 
parameters  have  not  been  given  for  every  case;  this  is  because* the 
curve  of  the  empirical  distribution  does  not  extend  high  enough  to 
allow  such  a  value  to  be  chosen  for  these  cases. 

Another  of  the  expected  errors  is  the  conservatism  built  into  the 
estimate  of  the  time  to  crack  initiation.  Table  XXXIX  furnishes 
an  estimate  of  the  level  of  this  conservatism  for  a  prediction  of 
the  fatigue  endurance  of  the  weakest,  member  of  the  C-130  fleet 
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with  the  Weibull  distribution.  From  this  table  it  is  seen  that 
this  estimate  varies  from  a  high  of  about  33  percent  to  a  low  of 
about  21  percent  based  on  the  maximum  likelihood  estimated  value 
of  <  ,  i.e.  «c  =  4.139*  Using  this  estimate  the  censored 
percentage  differences  shown  on  Table  XXXIV  can  be  modified 
somewhat.  When  an  approximate  level  of  conservatism  of  20$  is 
considered  these  modified  censored  results  for  the  Weibull 
distribution  have  a  range  which  varies  from  -59  to  -15  percent 
for  the  weakest  fleet  member. 

Die  third  of  the  possible  sources  of  discrepancies  mentioned  is 
the  differences  between  the  proposed  theoretical  distributions 

s 

and  the  true  distributions.  One  of  '.the  points  here  involves 
the  adequacy  of  the  proposed  shape  parameters.  Table  XXXX 
shows  that  the  values  of  the  shape  parameters,  4.0  for  the 
Weibull  distribution  and  0.322  for  the  log-normal  distribution, 
proposed  by  Reference  1  ,  lie  between  the  values  of  the  empirical 
shape  parameters  from  the  complete  data  far  the  whole  fleet  and 
for  the  usage  groups.  Die  value  of  the  log-normal  shape  parameter 
shown  is  referenced  to  the  logarithm  to  the  base  e  instead  of  to 
the  base  10  as  given  in  Reference  1.  The  values  of  the  Weibull 
shape  parameter  far  the  complete  data  ^■’•om  the  whole  fleet  range 
between  2.6  to  3.6.  Those  for  the  usage  groups  range  between 
5.7  to  16.9.  The  values  of  log-normal  shape  parameters  fcr  the 
complete  data  from  the  whole  fleet  range  between  0.42  to  0.74. 
Those  for  the  usage  groups  range  between  0.11  to  0.32.  xherefore 
the  proposed  shape  parameters  for  both  the  Weibull  and  log-normal 
die  ributiona  represent  too  iittle  scatter  for  the  whole  fleet 
sets  and  too  much  scatter  for  the  usage  group  seta.  This  result 
follows  the  trend  expected  of  more  scatter  inherent  in  the  whole 
fleet  data  than  in  the  usage  group  data. 

The  empirical  values  of  the  Weibull  shape  parameter  are  used  to 
calculate  the  exact  expected  values  of  time  to  crack  initiation 
for  the  weakest  fieet  member  based  on  the  Weibull  distribution. 
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T^.s  vas  done  in  ordei  to  see  what  the  effect  on  the  calculated 
-esults  would,  be.  The  results  are  given  in  Table  XXXXII  • 

;n  these  values  are  compared  with  the  lowest  observed  times  to 
crack,  initiation  given  on  Tables  V  through  XIX  it  is  seen  that 
the  results  are  scattered  and  inconclusive. 

The  last  major  point  considered  concerns  the  relative  adequacy 
of  the  Weibull  and  the  log-normal  distributions  to  predict  the 
true  distribution  of  times  to  crack  initiation  in  a  fleet.  The 
relative  differences  between  the  calculated  and  empirical 
distributions  of  the  C-130  times  to  crack  initiation  for  both  the 
Weibull  and  log-normal  distributions  curves  are  shown  for  several 
percentiles  in  Table  XXXXTV  and  are  summarized  in  Tables  XXXXVT 
and  XXXXVII  .  The  theoretical  test  distribution  points  are  more 
than  10  percent  different  from  the  corresponding  empirical 
distribution  points  in  6  out  of  9  cases  considered  for  both  the 
W-.-ibuLl  and  log-normal  distributions  for  the  whole  fi.eet  data. 
Similarity,  for  the  usage  group  data  the  Weibull  test  distribution 
is  more  than  10  percent  different  in  23  out  of  40  cases  and  the 
log-normal  test  distribution  in  21  out  of  40  cases.  The  same  points 
of  the  whole  fleet  data  for  both  the  Weibull  and  log-normal 
distributions  are  more  than  20 £  different  in  4  our  of  9  cases  and 
the  usage  group  data  is  more  than  20^  different  in  14  out  of  40 
cases  for  the  Weibull  distribution  and  15  out  of  40  cases  for  the 
log-normal ' distribution .  These  differences  between  the  theoretical 
test  arai  the  empirical  distribution  curves  for  the  whole  fleet  sets 
range  between  -22  and  40  percent  for  the  Weibull  distributions  and 
-24^  and  70^  for  the  log-normai  distributions.  These  differences 
for  the  usage  group  sets  range  between  -33^  and  for  t^e  Weibull 
distributions  and  between  -19  and  18  percent  for  the  log-normai 
distributions . 
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The  calculation  of  the  fatigue  damage  values  required  in  the 


adjustment  of  the  test  endurance  results  to  correspond  to  the 
C-130  service  group  usage  w8s  based  on  the  loads  developed 
from  the  C-130  B  and  E  dynamic  response  airplane  data  and  also 
from  the  C-130  Taxi -Air-Ground  Loads  program  (TAG)  data.  This 
program  consists  of  instrumenting  and  monitoring  a  C-130  in- 
service  aircraft  over  approximately  a  $00  hour  period  for  the 
purpose  of  verifying  and  refining  the  C-130  fatigue  loads 
spectra.  The  endurances  shown  on  Table  III  for  Wing  Stations 
38  and  105  on  the  center  wing  upper  surfaces  are  seen  to  be 
unconservative  when  compared  with  the  observed  empirical  results. 
These  results  follow  the  trend  indicated  by  the  C-130  Fatigue  Life 
Monitoring  Program  (FIMP)  reports.  The  results  calculated  for 
Wing  Station  120*5  on  the  lower  surface  are  inconsistent  with 
the  results  from  the  other  stations  mentioned  above,  vhilfe  the 
current  FUL  reports  show  that  this  station  should  have  the  same 


trend  as  these  othei  stations. 


r 
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CONCLUSIONS  AND  RECOMMENDATIONS 

This  program  has  attempted  to  evaluate  objectively  the  method 
proposed  in  AfML-69-65,  Reference  1,  for  using  a  probabilistic 
approach  with  fatigue  test  results  to  predict  the  structural 
fatigue  endurance  of  an  aircraft  within  a  fleet  of  aircraft.  The 
following  conclusions  have  resulted  from  this  program. 

1.  This  method  when  used  with  test  results  which  adequately 
reflect  the  service  conditions  of  the  fleet  has  been  shown 
to  have  considerable  promise  with  respect  to  the  current 
state  of  the  art  for  the  prediction  of  the  time  to  fatigue 
crack  initiation  in  the  structure  of  an  in-service  aircraft. 
This  method  gives  the  analyst  the  capability  of  estimating 
the  time  to  the  initiation  of  the  first  crack  based  on 
certain  probability  considerations.  However,  further 
development  and  evaluation  of  the  method  using  data  from 
other  aircraft  programs  is  warranted. 

2.  The  average  censored  values  predicted  for  the  C-130  fatigue 
endurance  by  the  method  of  Reference  1  are  approximately 

60  percent  conservative  far  the  Weibull  distributive  and 
37  percent  conservative  for  the  log-normal  distribution  as 
compared  with  the  values  observed  from  the  service  experience 
of  the  C-130  fleet. 

3.  The  estimate  of  the  time  to  first  crack  initiation  made  using 
the  method  of  AFML-TR-69-65  (Reference  l)  is  conservative  by 
approximately  20  to  33  percent  as  compared  with  an  "exact" 
estimate  for  the  C-130  cases  considered  in  this  study. 

4.  The  values  of  the  shape  parameters  proposed  by  Reference  1 
generally  lie  between  the  values  of  the  empirical  C-130  shape 
parameters  chosen  by  the  "Best  Fit"  technique  for  the  whole 
fleet  cases  and  for  the  usage  group  cases. 

3** 


There  appears  to  be  very  little  difference  between  tne 
ability  of  the  theoretical  Weibull  distribution  and  the 
log-normal  distribution  to  predict  the  true  distribution 
of  the  time  to  crack  initiation  in  a  structure  of  an  air¬ 
craft  in  a  fleet. 


It  Is  recommended  that  a  modification  of  the  Freudenthal-Boeing 
method  of  Reference  1  he  considered.  This  modification  involves 
using  the  data  from  the  initial  service  fatigue  damage  occurrences 
in  addition  to  the  fatigue  test  results  to  update  the  fatigue 
endurance  predictions,  which  according  to  the  present  method  are 
based  on  the  fatigue  test  results  alone.  This  proposed  modifica¬ 
tion  would  seem  to  furnish  an  improvement  in  the  expected 
accuracy  of  the  predictions  as  a  result  of  the  following: 

1.  Fatigue  damage  resulting  from  fleet  usage  in  Bervice  is 
more  representative  of  the  actual  fleet  environment  than 
the  fatigue  damage  items  resulting  from  tests.  Al6o,  the 
fatigue  endurance  predictions  based  on  this  data  are  significant 
because  the  initial  fatigue  cracks  should  came  from  "Lead 

the  Fleet"  aircraft  which  represent  a  cross-section  of  the 
fleet's  structural  and  environmental  conditions. 

2.  The  use  of  this  service-related  data  would  increase  the 
number  of  data  points  on  which  the  predictions  are  based. 

This  is  true  even  when  there  is  only  one  fatigue  crack 
occurrence  from  the  service  fleet  because  the  maximum  likeli¬ 
hood  estimate. equations  which  are  used  in  the  study  include 
the  significance  of  the  flight  hours  on  the  uncracked 
aircraft. 
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>  ’  5’.  B-  t  MISSION  UTILIZATION 
BY  USAGE  GROUP 


•  I.  Long  Range  Logistics 

II.  Shuttle  4  Short  Renge  Logistics 

III.  Combat  Training  4  Low  Level  Plights 

IV.  Baeic  4  Proficiency  Training 

The  entries  enclosed  in  a  box  represent  the  missions  receiving 
emphasis  in  a  given  category. 
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TABLE  II 


NUMBER  OF  AIRCRAFT  ASSIGNED 
TO  SPECIFIC  USAGE  GROUPS 


USAGE 

GROUP 

NUMBER  07  AIRCRAFT 

TOTAL 

C-130B/E 

C-130B 

C-130E 

I 

13 

89 

102 

II 

69 

52 

121 

III 

0 

92 

92 

IV 

26 

25 

51 

Totals 

108 

_ 

258 

366 

TAELt  IV 

9- 

yj.rh.C~.TD  V ALLT.C  Cf  SCATTER  FACTOR  . 


Scatter  Factor  vs.  Reliability  ! 

For  Test  Sample  Sizes  of  1,  2,  or  3  Specimens 
•.For  Fleet  Size  of  432  Airplanes 

(Ref.:  Tables  IX,  X,  XIII,  XIV  of  AFML-TR-69-65 

Weibull  Distribution 

Log  Normal  Distribution 

Weakest 

2nd  Weakest 

Weakest 

2nd  Weakest 

j  Fleet  Member 

Fleet  Member 

Fleet  Member 

Fleet  Member 

Test  Sample 

■ 

Test  Sample 

Test  Sample 

H 

Test  Sample 

R 

Size 

9 

Size 

R 

Size 

Size 

? 

« 

1 

2 

m 

1 

2 

m 

1 

2 

3  . 

CO 

5.83 

5.60 

5.43 

.300 

6.44 

6.14 

5.95 

.50 

4.50 

4.63 

4.53 

.500 

4.40 

3.76 

3.52 

.50 

3.84 

3.28 

3.c8 

.507 

6.43 

6.18 

5.98 

.600 

4.56 

3.89 

3.65 

.750 

8.03 

7.65 

7.40 

.75 

5.66 

5.40 

5.23 

.750 

4.76 

4.06 

4 

3.81 

.75 

4.11 

3.51 

3.29 

.900 

10.55 

10.06 

9.74 

.90 

6.67 

6.36 

6.16 

.900 

5.19 

4.42 

4.15 

.90 

4.4i 

3.77 

3.54 

.950 

12.55 

11.77 

11.4 

7.37 

7.03 

6.80 

.950 

5.52 

4.71 

4.42 

.95 

4.57 

3.90 

3.66 

.C'bO 

15.53 

14.85 

l4.4 

.°50 

13.53 

17.71 

17.1 

.990 

6.31 

5.38 

5.05 

■ 

53.10 

31.55 

9 

1*0 
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Scatter  Factor  vs.  Reliability 

For  Test  Sample  Size  of  1,  2,  or  3  Specimens 
For  Group  1  Size  of  102  Airplanes 

(Ref.:  Tables  IX,  X,  XIII,  XIV  of  kFML-TR-69-65 ) 


Weibull  Distribution 

Log  Normal  Distribution 
< 

Weakest 

Fleet  Member 

2nd  Weakest 

Fleet  Member 

Weakes t 

Fleet  Member 

_ 

2nd  Weakest 

Fleet  Member 

8 

Test  Sample 

Size 

5 

Teat  Sample 

Size 

Test  Sample 

Size 

15 

1 

Test  Sample 

Size 

1 

‘ 

2 

3 

1 

2 

3 

1 

2 

3 

I  r  “1 

1  I2  I5 

.568 

4.12 

3.93 

5.8I 

1  1 

.500 

4.52 

4.31 

4.17 

.50 

3.47 

3.31 

3.20 

•  50 

3.81 

3.25 

5.05 

.50 

3.27 1 2.79  2.62 

.507 

i 

i 

i 

4.55 

4-35 

4.19 

.60 

3.92 

3.54 

3.15 

1  ■  ! 

.750 

5.63 

5.37 

5.20 

.75 

3-99 

3.81 

3.68 

i-75 

4.16 

3-55 

3.33 

.75 

3.53  3.012.82  | 

.900 

7.30 

7.06 

6.83 

•  90 

4.75 

4.53 

4.38 

|  .90 

4.55 

3.88 

3.64 

.90 

3. 81  : 3.25,  ? .05 

.950 

8.66 

0.26 

7.99 

.95 

5.23 

4.99 

4.83 

!  .95 

4.92 

4.20 

5-94 

.95 

?.Q5 | 3. 37  1  16  ■ 

• 

CD 

O 

10.93 

10.42 

10.09 

i 

1 

|  1  1 

.990 

13.03 

12.43 

12.03 

|  .99 

5.63 

4.80 

4.50 

i  I  i 

.999 

25.2? 
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_ 

22. M 

21.4? 

. 

I 

I  i 

1  I 

1 

.. _ !.  _  .... 

I 

j  !  i 

M  l 

U 


TABLE  IV  (COICTIKUED) 


EXPECTED  VALDES  OP  SCATTER  FACTOR 


Scatter  Factor  ve.  Reliability 

For  Test  Sample  Size  of  1,  2,  or  3  Specimens 
For  Group  2  Size  of  121  Airplanes 


(Ref.:  Tables  IX,  X,  XIII,  XIV  of  AFML-TR-69-65) 


Veibull  Distribution 

Log  Normal  Distribution 

Weakee  t 

2nd  Weakest 

Weakest 

2nd 

Weakest 

Fleet  Member 

Fleet  Member 

Fleet  Member 

Fleet  Member 

Test  Sample 

Test  Sample 

Test  Sample 

Test  Sample 

Size 

R 

Size  , 

R 

Size 

R 

Sizi? 

i 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

.  36*.' 

4.27 

— 

4.07 

3-94 

.500 

4 . 68 

4.47 

4.32 

.50 

3.63 

3.46 

3.35 

.50 

3.87 

3.30 

3.10 

.50 

3-34 

2.85 

2.67 

.807 

4.71 

4.49 

4.54 

.60 

3.99 

3.41 

3.19 

.750 

5.83 

5.56 

5.38 

.75 

4.17 

3.98 

3.85 

.75 

4.21 

3.59 

3.37 

.75 

3.60 

3.07 

2.88 

.900 

7.67 

7.31 

7. 08 

.90 

4.96 

4.73 

4.58 

.90 

4.61 

3-94 

3.69 

.90 

3.89 

3.32 

3.n 

.950 

8.W 

6.5b 

8.28 

.95 

5.43 

5.22 

5.06 

.95 

4.99 

4.25 

3.99 

.95 

4.03 

3*44 

3.22 

.980 

i  .  32 

j  10.60. 

1C.  45 

.990 

15.50 

12.87 

12.46 

.99 

5.70 

4.86 

4.56 

.999 

24.05 

22.  ?4 

j 22.2C 
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TABLE  IV  (CONTINUED) 


EXPECTED  VALDES  OP  SCATTER  FACTOR 


Scatter  Factor  vs.  Reliability 

For  Test  Sample  Size  of  1 ,  2,  or  3  Specimens 
For  Group  3  Size  of  92  Airplanes 

(Ref.:  Tables  IX,  X,  XIII,  XIV  of  AJML-TR-69r65) 


Weibull  Distribution 

Log  Normal  Distribution 

. 

v  . 

Veakest 

Fleet  Member 

2nd  Weakest 

Fleet. Member 

Weakest 
Fleet  Member 

2nd  Weakest 
Fleet  Member 

R 

Test  Sample 

Size 

R 

Test  Sample 
Size 

ft 

Test  Sample 
Size 

R 

Test 

S 

Samole  j 

-ze 

1 

2 

3 

1 

El 

1 

2 

wm 

1 

■> 

c. 

_J__ _ 

.368 

4.00 

3.82 

3-70 

. 

.500 

4.39 

4.19 

4.05 

.50 

3-30 

3.23 

3.12 

.50 

3.75 

3.20 

3.00 

.50 

3.23 

2.76 

2.59 

.507 

4.41 

4.21 

4.07 

.60 

3.86 

3.29 

3.09 

.750 

5.47 

5-21 

5.05 

.75 

3.90 

3.72 

3.60 

.75 

4.10 

3.50 

3.28 

.75 

3.49 

2.98 

2.79 

.900 

7.19 

6.86 

6.63 

.90 

4.64 

4.42 

4.28 

.90 

4.50 

3*84 

3.60 

.90 

3.77 

3.21 

3. Cl 

.950 

8.41 

8.02 

7.76 

.95 

ml 

4.71 

.95 

4.85 

4.14 

3.88 

.95 

3.91 

3.33 

3.13 

.900 

10.12 

9.79 

■ 

.990 

12.07 

11.68 

.99 

5.58 

4.76 

4.46 

.999 

21.50 

20.81 

1 

u 
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TABLE  IV  (CONTINUED) 


KAFKCrBD  VALUE'S  OF  SCATTER  FACTOR 


Son*. ter  Factor  vs.  Reliability 

For  Test  Sample  S„ze  of  1,  2,  or  }  Specimens 
For  '.roup  4  Size  of  51  Airplanes 

(Ref.:  Tables  IX,  X,  XIII,  XIV  of  AFML-TR-69-65 ) 


We; bull  Distribution 


Log  Normal  Distribution 


Weakes t 

Leet  Member 


2nd  Weakest 
Fleet  Member 


Weakest 
Fleet  Member 


2nd  Weakes1 
Flee*  Member 


- 

Tec 

it  Sample 

Size 

R 

Test  Sample 
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R 

Test  Sample 
Size 

R 

Test  Sam: It 

Size 

. 

2 

1 

3 

Hi 

2 

3 

1 

5-47 

5-31 

3.20 

r  ; 

5. 30 

3-63 

3.51 

.so 

3.04 

2.90 

2.81 

.50 

3.46 

2.9s 

2.77 

.  so 

3.00 

2.  (>3 

0.4  m 

•  5<>- 

?.B5 

3.69 

3.53 

.60 

3.62 

3.09 

2.89 

.790 

4.74 

4.92 

a. 37 

.  7S 

4.50 

3-34 

3.23 

.75 

3.84 

3.28 

3.07 

.75 

3.33 

2 . 84 j  2. t" 

.900 

6.23 

9.94 

5.75 

.90 

4.18 

3.98 

3.86 

.90 

4.29 

3.66 

3.43 

.90 

3.60 

5*0. 

2.83 

.950 

7.29 

6.95 

6.73 

.95 

e  C  ^ 

*♦  •  S  1 

4. 36 

4.22 

•  95 

4.55 

5.88 

3.64 

.95 

3.73 

3.15 

2.98 

.990 

9 .  20 

9.77 

9.49 

.9% 

10. 97 

1 0 . 4  0 

'0.12 

.99 

5.34 

4.56 

4.2? 

j 

,99- 

19.94 

'  - .  -.4 

19.04 

_ 
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TABLE  V 


EXPECTED  AM)  OBSERVED  VALDES  OP  FATIGUE  ENDURANCE 
FOR  C-130  CENTER  WING  STATION  38  ON  UPPER  SURFACE 


Theoretical  Prediction  of  Safe-Life  vs.  Reliability 
(Ref.  Tables  DC,  X,  XIII,  XIV  of  AEKL-TR-69-65) 


.500  2,340  .30 

.600  2,260 

.750  2,160  .75 

.900  1,950  .yO 

.950  1,860  .95 

.990  1 ,630 

Lowest  Observed  Times  to  Crack  Initiation 
(From  C-13O  Service  Experience  Data) 

Flight  Hours 

2,272 

2,778 

2,884 

2,896 


2,660 

2,550 
2 ,  -O  ■' 
2,250 


Log  Normal  Distribution 

Weakest  2nd  Weakest 

Fleet  Member  Fleet  kember 

_  Flight  _  Flight 

R  Hours  R  Hours 


Weibull  Distribution 

Weakest 

Fleet  Member 

2nd  Weakest 
Fleet  Member 

Flight 

I  Flight 

R 

Hours 

R 

Hours 

.368 

1,920 

.500 

1.760 

.50 

2,310 

•  507 

1,750 

.750 

1 ,4l0 

.75 

2,000 

.900 

1,070 

.9" 

1,700 

•  950 

917 

.95 

1,540 

.980 

726 

.990 

611 

.999 
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TABLE  VI 


EXPECTED  AND  OBSERVED  VALDES  OP  PATIGDE  ENDURANCE 
POR  C-130  B/E  CENTER  WING  STATION  105  ON  UPPEK  SURFACE 


Theoretical  Prediction  of  Safe-Life  vs.  Reliability 
(Ref.:  Tables  IX,  X,  XIII,  XIV  of  AFML-TR-69-65 ) 

Weibull  Distribution  Log  Normal  Distribution 


Weakest  2nd  Weakest  Weakest  2nd  Weakest 

Fleet  Member  Fleet  Member  Fleet  Member  Fleet  Member 


Flight 

Flight 

Flight 

Flight 

R 

Hours 

R 

Hours 

R 

Hours 

R 

Hours 

CD 

1 ,440 

.500 

1,310 

.50 

1,720 

. 

VJ1 

0 

0 

1,910 

.50 

2,l6c 

.5-7 

1.300 

.600 

1 ,840 

•  75C 

1 ,050 

.75 

1 ,490 

.750 

1,760 

.75 

2,0*0 

• 

V 

O 

c 

800 

.90 

1,270 

.900 

1,620 

.90 

1  ,  ;'0C 

.950 

680 

.95 

1.15C 

.950 

1,520 

.95 

1,840 

.r80 

540 

.  ,'90 

450 

.990 

1,330 

•  r99 

250 

Lowest  Observed  Times  to  Crack  Initiation 
(From  C-IJO  Service  Experience  Data) 

Flight  Hours 


1+68 

1,387 

3.295 

3.*67 


U6 


TABLE  VII 


EXPECTED  AND  OBSERVED  VALDES  OP  PATIGUE  ENDURANCE 
POR  C-130  B/E  CENTER  WING  STATION  121  ON  LOWER  SURPACE 


lheoretical  Prediction  of  Safe  Life  vs.  Reliability 
(Ref.:  Tables  IX,  X,  XIII,  XIV  of  APML-TR-69-65) 

Veibull  Distribution 

Log  Normal 

Distribution 

\ 

Weakest 

2nd  Weakest 

Weakest 

2nd  Weakest 

Fleet  Member 

Fleet  Member 

|  Fleet  Member 

Fleet  Member 

Flight 

Flight 

Flight 

Flight 

R 

Hours 

R 

Hours 

R 

Hours 

R 

Hours 

.368 

960 

.500 

880 

.50 

1,150 

.500 

1,280 

.50 

1,470 

.507 

870 

0 

0 

VO 

1 ,240 

.750 

700 

.75 

1,000 

.750 

1,180 

.75 

1 ,370 

•900 

530 

.90 

850 

.900 

0 

Ov 

O 

•t 

.90 

1,280 

.950 

460 

.95 

760 

.950 

1,020 

.95 

1,230 

e 

CD 

O 

360 

.990 

300 

.990 

890 

.999 

170 

\ 

Lowest  Observed  Times  to  Crack  Initiation 

1 

(From  C-130  Service  Experience  Data) 

Flight  Hours 

990 

1,347 

1,362 

1,387 


1*7 


TABLE  VIII 


EXPECTED  AND  OBSERVED  VALUES  OF  FATIGUE  ENDURANCE 
FOR  C-I30  B/E  CENTER  WING  STATION  36  ON  UPPER  SURFACE 

FOR  GROUP  I 


Theoretical  Prediction  of  Fatigue  Endurance  vs.  Reliability 
(Ref.:  Tables  IX,  X,  XIII,  XIV  of  AFML-TR-69-65 ) 


Weibull  Distribution 

Log  Normal  Distribution 

Weakest 

2nd  Weakest 

Weakest 

2nd  Weakest 

Fleet 

Member 

Fleet  Member 

Fleet  Member 

Fleet  Member 

Flight 

Flight 

Flight 

Flight 

R 

Hours 

R 

Hours 

R 

Hours 

R 

Hours 

.368 

2,745 

v-n 

O 

O 

2,508 

.500 

3,268 

.50 

2,703 

.50 

5,147 

.507 

2,496 

.60 

2,634 

•  750 

2,011 

.75 

2,842 

.75 

2,476 

.75 

2,923 

.900 

1,531 

.90 

2,388 

.90 

2,265 

.90 

2,703 

•  950 

1,309 

.95 

2,165 

.95 

2,092 

.95 

2,609 

.980 

1,056 

•  990 

869 

.99 

1.832 

•  999 

488 

Lowest  Observed  Times  to  Crack 

Initiation 

(From  C- 

■130  Service  Experience  Data) 

Flight  Hours 
6,230 
6,595 
6,688 
6,700 


U8 


TABLE  VIII  (CONTINUED) 

EXPECTED  AND  OBSERVED  VALUES  OF  FATIGUE  ENDURANCE 
FOR  C-130  B/E  CENTER  WING  STATION  38  ON  UPPER  SURFACE 

FOR  GROUP  1 


WITH  TEST  RESULTS  ADJUSTED  FOR  GROUP'S  USAGE 


Theoretical  Prediction  of  Fatigue  Endurance  vs.  Reliability 
(Ref. s  Tables  IX,  X,  XIII,  XIV  of  AFHL-TR-69-65) 

Weibull  Distribution 

Log  Normal  Distribution 

Weakest 

2nd  Weakest 

Weakest 

2nd  Weakest 

Fleet  Member 

Fleet  Member 

Fleet  Member 

Fleet  Membe' 

Flight 

Flight 

Flight 

■I 

R 

Hours 

R 

Hours 

R 

Hours 

R 

■8911 

.368 

9.980 

,000 

0.753 

.50 

11,406 

.50 

9,567 

.50 

11.137  j 

-507 

9.711 

.60 

9,323 

.750 

7.019 

.75 

9,918 

.75 

8,763 

.75 

10,34a 

.900 

5,544 

•  90 

8,333 

•  90 

8,016 

.90 

9,567 

.950 

4,568 

.95 

7,557 

.95 

7,406 

.95 

9.234 

.900 

3,61 7 

.990 

3,034 

.99 

6,484 

.999 

1,703 

1 

_ 

Lowest 

Observed  Times 

to  Crack  Initiation 

1 

i 

(Prom  C-130  Service  Experience  Data) 

t 

Flight  Hours 

6,230 

1 

6,595 

l 

6,688 

i 

6,700 

U9 


TABLE  IX 


EXPECTED  AND  OBSERVED  VALUES  OP  FATIGUE  ENDURANCE 
FOR  C-130  B/E  CENTER  WING  STATION  105  ON  UPPER  SURFACE 

FOR  GROUP  1 


Theoretical  Prediction  of  Fatigue  Endurance  ve.  Reliability 
(Ref.:  Tables  IX,  X,  XIII,  XIV  of  AFML-TR-69-65 ) 


Veibull  Distribution 


Weakest 

Fleet  Member 

2nd  Weakest 
Fleet  Member 

Weakest 
Fleet  Member 

2nd  Weakest 
Fleet  Member 

fi 

Flight 

Hours 

R 

Bl 

R 

Flight 

Hours 

R 

Flight 

Hours 

.  568 

2,049 

.500 

1  ,669 

.50 

2,453 

•  50 

2.205 

.50 

2,568 

.507 

1 ,660 

.  60 

2,145 

.750 

1,499 

.75 

2,113 

.75 

2,018 

•  75 

2,380 

.900 

1,141 

•  90 

1,777 

•  90 

1,847 

.90 

2,205 

.950 

975 

•  95 

1 ,614 

.95 

1,706 

•  95 

2,126 

.960 

775 

-990 

649 

.99 

1,493 

.999 

;  0  •! 

Log  Normal  Distribution 


Lowest  Observed  Times  to  Crack  Initiation 
(From  C-IJO  Service  Experience  Data) 


Flight  Hours 
6,523 
6,535 
6,519 

6,817 


$0 


TABLE  IX  (CONTINUED) 

EXPECTED  AND  OBSERVED  VALUES  OP  FATIGUE  ENDURANCE 
FOR  C-130  B/E  CENTER  WING  STATION  105  ON  UPPER  SURFACE 

FOR  GROUP  1 


TEST  RESULTS  ADJUSTED  FOR  GROUP'S  USAGE 


Theoretical  Prediction  of  Fatigue  Endurance  vs.  Reliability 
(Ref.:  Tables  IX,  X,  XIII,  XIV  of  AFWL-TR-69-65 ) 

Ve 

itull  Distribution 

Log  Normal  Distribute 

on 

Weakest 

2nd  Weakest 

Weakest 

> 

2nd  Weakest 

FJ  ee  t  Meir-bf  r 

Fleet  Member 

Fleet  Member 

Fleet  Memter 

Flight 

Flight 

Flight 

Flight 

3 

Hours 

8 

Hours 

3 

Hours 

8 

Hours 

.368 

8,906 

.500 

8,121 

.50 

10,574 

.50 

9,600 

.50 

11,183 

.507 

8,003 

.60 

9.341 

.750 

6,518 

.75 

9.186 

.75 

8.789 

.75 

10,365 

.900 

4.958 

.90 

7.726 

.90 

8,041 

.90 

4,600 

.950 

4.237 

.95 

7,014 

.95 

7.429 

.95 

9,258 

.980 

3.359 

.990 

2,816 

.99 

6,500 

.999 

1.581 

Lowest 

Observed  Times 

to  Crack  Iniation 

(Prom  C»1 30  Service 

Experience  Data.' 

Flight  Hour* 
6,328 
6,335 
6,518 
6,817 


TABLE  X 


EXPECTED  AND  OBSERVED  VALDES  OP  FATIGUE  ENDURANCE 
FOR  C-130  B/E  CENTER  WING  STATION  121  ON  LOWER  SURFACE 

FOR  GROUP  1 


Theoretical  Prediction  of  Fatigue  Endurance  vs.  Reliability 
(Ref.:  Tables  IX,  X,  XIII,  XIV  of  AIML-TR-69-65) 


Weibull  Distribution 

Log  Normal  Distribution 

Weakest 

Fleet  Member 

2nd  Weakest 
Fleet  Member 

Weakes  t 
Fleet  Member 

2nd  Weakest 
Fleet  Member 

ft 

Flight 

Hours 

R 

•Flight 

Hours 

ft 

Flight 

Hours 

ft 

Flight 

Hours 

.368 

1,354 

.500 

1,234 

.50 

1,608 

.50 

1,465 

.50 

1  ,706 

.507 

1.226 

.60 

1,423 

•  750 

991 

.75 

1,398 

.75 

1,341 

.75 

1.581 

.900 

754 

.90 

.90 

1,226 

.90 

1 ,46t- 

.950 

644 

.95 

.95 

1.134 

.95 

1 .413 

0 

<0 

Os 

• 

511 

.990 

428 

.99 

991 

.999 

240 

■i 

Lowest  Observed  Times  to  Crack  Initiation 
*  (Fret  C-13O  Service  Experience  Data) 


Flight  Hoars 
6,024 
6,094 
6,132 
6,189 


52 


TABLE  X  (CONTINUED) 

EXPECTED  AND  OBSERVED  VALUES  OF  FATIGUE  ENDURANCE 
FOR  C-150  B/E  CENTER  WING  STATION  121  ON  LOWER  SURFACE 

FOR  GROUP  1 


TEST  RESULTS  ADJUSTED  FOR  GROUP'S  USAGE 


Theoretical  Prediction  of  Fatigue  Endurance  vs.  Reliability 
(Ref.:  Tables  IX,  X,  XIII,  XIV  of  AFML-TR-69-65) 


Weibull  Distribution 

Log  Normal  Distribution  j 

Weakest 

Fleet  Member 

2nd  Weakest 
Fleet  Member 

Weakest 
Fleet  Member 

2nd  Weakest  | 
Fleet  Memberj 

R 

Flight 

Hours 

R 

Flight 

Hours 

R 

Flight 

Hours 

R 

Flight 

Hours 

.368 

2,840 

i 

.500 

2,588 

•  50 

3,372 

•  50 

3,071 

•  50 

3,578 

.507 

2,571- 

.60 

2,985 

| 

.750 

2,078 

.75 

2,932 

.75 

2,813 

.75 

•  5,314 

.900 

1,581 

•  90 

2,463 

.90 

2,571 

.90 

yor- 

.950 

1,351 

.95 

2,237 

.95 

2,378 

•  95 

2 ,  °o2 

.980 

1,070 

| 

.990 

898 

•  99 

2,078 

I 

.999 

504 

Lowest  Observed  Times  to  Crack  Initiation 
(From  C-I30  Service  Experience  Data) 


Flight  Hours 


CT  ra 


TABLE  XI 


EXPECTED  AND  OBSERVED  VALUES  OP  FATIGUE  ENDURANCE 
FOR  C-130  B/E  CENTER  WING  STATION  30  ON  UPPER  SURFACE 
FOR  GROUP  2 


Theoretical  Prediction  of  Fatigue  Endurance  ve.  Reliability 
(Ref.:  TableB  IX,  X,  XIII,  XIV  of  AFWL-TR-69-65) 


Wei  bull  Distribution 

— 

Log  Normal  Distribution 

Weakest 

2nd  Weakest 

Weakest 

2nd  Weakest 

Fleet  Member 

Fleet  Member 

Fleet  Member 

Fleet  Member 

Flight 

Flight 

Flight 

Flight 

R 

Hours 

fi 

Hours 

fi 

Hours 

R 

Hours 

CD 

D 

2,654 

.500 

2,421 

.50 

3,122 

•  50 

2,659 

•  50 

3,088 

•  507 

2,410 

.60 

2,584 

.750 

1,944 

.75 

2,716 

.75 

2,446 

.75 

2,863 

.900 

1,477 

.90 

2,203 

•  90 

2.234 

.90 

2,651 

.950 

1.263 

.95 

2,067 

.95 

2,066 

.95 

2.560 

.980 

1 .001 

.990 

839 

.99 

1,000 

.999 

47i 

Lowest  Observed  Times  to  Crack  Initiation 
(From  C-i 30  Service  Experience  Data) 

Flight  Hours 
2,778 
2,884 

5,295  ! 

3,598 

j 


TABLE  XI  (CONTINUED) 

EXPECTED  AND  OBSERVED  VALUES  OF  FATIGUE  ENDURANCE 
FOR  C-130  B/E  CENTER  WING  STATION  38  ON  UPPER  SURFACE 

FOR  GROUP  2 


TEST  RESULTS  ADJUSTED  FOR  GROUP'S  USAGE 


Theoretical  Prediction  of  Fatigue  Endurance  vs.  Reliability 
I  Ref. :  Tables  IX,  X,  XIII,  XIV  of  AFML-TR-69-65^ 


iVeibull  Distribution 

Log  Normal  Distribution 

Weakest 

2nd  Weakest 

Weakest 

2nd  Weakest 

Fleet  Member 

Fleet  Member 

Fleet  Member 

Fleet  Member 

■sm 

Flight 

Flight 

s 

1 

R 

warn 

R 

Hours 

fi 

Hours 

,368 

5,266 

c 

Kjy 

O 

O 

4,803 

.50 

6,194 

.50 

5,206 

.50 

6,045 

.507 

4,781 

.60 

5,060 

.750 

3.857 

.75 

5.390 

.75  • 

4.789 

.75 

5,604 

.900 

2,931 

.90 

4,531 

.90 

4,374 

.90 

5,190 

.950 

2.506  • 

.95 

4,101 

.95 

4,045 

.95 

5,012 

.980 

1.986 

.990 

1,665 

V 

.999 

935 

V 

.99 

3.539 

Lowest  Observed  Times  to  Crack  Initiation 

(From  C-130  Service  Ezpenenoe  Data) 

Flight  Hours 
2,778 

f  2,884 

3,295 
3.598 


TABLE  XII 


EXPECTED  AND  OBSERVED  VALUES  OP  FATIGUE  ENDURANCE 
FOR  C-130.  B/E  CENTER  WING  STATION  105  ON  UPPER  SURFACE 

FOR  GROUP  2 


Theoretical  Prediction  of  Fatigue  Endurance  vs.  Reliability 
(Ref.:  Tables  IX,  X,  XIII,  XIV  of  AFML-TR-69-65) 

Weibull  Distribution 

Log  Normal  Distribution 

r 

j  Weakest 

2nd  Weakest 

Weakest 

2nd  Weakest 

Fleet  Member 

Fleet  Member 

Fleet  Member 

Fleet  Member 

Flight 

Flight 

Flight 

Flight 

fi 

Hours 

R 

Hours 

3 

Hours 

R 

Hours 

.  J63 

i.978 

,500 

1 ,801 

.50 

2,327 

.50 

2,171 

.50 

2,514 

.507 

1.793 

.60 

2,101 

.750 

1  ,448 

.75 

2,023 

.75 

1,996 

.75 

2,334 

O 

O 

C7s 

1 ,102 

.90 

1,702 

.90 

1,819 

.90 

2,158 

i  <950 

941 

.95 

1,545 

.95 

1 ,686 

.95 

2,083 

|  .  980 

746 

.390 

626 

.99 

1,474 

.999 

351 

Lowest  Observed  Times  to  Crack  Initiation 
(From  C-130  Service  Experience  Data) 


Flight  Hours 
5,295 
5,732 
5,818 
5,888 


56 


TABLE  XII  (CONTINUED) 

EXPECTED  AND  OBSERVED  VALUES  OP  FATIGUE  ENDURANCE 
FOR  C-130  B/E  CENTER  VING  STATION  105  ON  UPPER  SURFACE 

FOR  GROUP  2 


TEST  RESULTS  ADJUSTED  FOR  GROUP'S  USAGE 


Theoretical  Prediction  of  Fatigue  Endurance  vs.  Reliability 
(Ref.;  Tables  IX,  X,  XIII,  XIV  of  AFML-TR-69-65) 

Weibull  Distribution 

Log  Normal  Distn  Dutton 

Weakest 

2nd  Weakest 

Weakest 

2nd  Weak  e.?  - 

Fleet  Member 

Fleet  Member 

Fleet  Member 

Fleet  Member 

Flight 

Flight 

Flight 

FI ight 

R 

Hours 

R 

Hours 

8 

Hours 

R 

Hours 

CD 

NO 

K\ 

9 

4,666 

.500 

4,248 

.50 

5,488 

.50 

5,067 

.50 

5.86  ? 

.507 

4,229 

.60 

4,903 

.750 

5,415 

.75 

4.771 

.75 

4,657 

.75 

5.446 

.900 

2,598 

.90 

4,015 

.90 

4,244 

-90 

5,i-36 

.950 

2,218 

.95 

3,658 

.95 

3,934 

.95 

4,860 

.9«C 

1.758 

.990 

1,476 

.99 

3,440 

.999 

828 

Lowest 

Observed  Times 

to  Craok  Initiation 

(From  C-1 50  Service  Experience  Data) 

Flight 

Hours 

5,295 

5,752 

5.818 

3.888 
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TABLE  XIII 

I  V’!  (TED  'M>  OBSERVE!'  VALUES  nr  FATIGUE  ENDURANCE 
EOi-  C-150  B/E  CENTER  KING  STATION  121  ON  LOWER  SURFACE 

FOR  GROUP  2 


Th 

eoret  i  oa  1  Prediction  of  Fatigue  Endurance  vs.  Reliability 
(Ref.:  Tables  IX.  X.  XIII,  XIV  of  AFML-TR-69-65)  ' 

Ke 

ibull  !*i  st  ribut  ion 

» 

Log  Normal  Distribution 

Weakest  { 

2nd  Weakest 

Weakest 

2nd  Weakest 

Fleet  'fcnbcr 

Fleet  Member 

Fleet  Member 

Fleet  Member 

F  light 

Flight 

Flight 

Flight 

R 

Hours 

R 

Hours 

R 

Hours 

R 

Hours 

.  5hS 

1.50? 

.Son 

1,192 

.50 

1,537 

^B 

1,442 

.50 

1 ,671 

.50- 

1,185 

Bit; 

1 ,398 

.  "SO 

95" 

.75 

1,338 

.75 

1,325 

.75 

1,550 

.001* 

?2S 

WM 

1,125 

.90 

1,210 

.90 

1,434 

.0.50 

6  22 

mm 

I  j  0 1 8 

.95 

1,118 

.95 

1 ,  .38* 

.osn 

495 

■ ■ 

.000 

415 

.99 

979 

■  - 

232 

■ 

, 

Lowest  Observed  Times  to  Crack 

Initiation 

(From  C-130  Service  Exoerience  Data) 

Flight  Hours 

1,347 

2,289 

y 

.2,551 

• 

2,680 
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TABLE  XIII  (CONTI BUED) 

EXPECTED  AND  OBSERVED  VALDES  OF  FATIGUE  ENDURANCE 
FOR  C-130  B/E  CENTER  WING  STATION  121  ON  LOWER  SURFACE 

FOR  GROUP  2 

TEST  RESULTS  ADJUSTED  FOR  GROUP'S  USAGE 


Theoretical  Prediction  of  Fatigue  Endurance  vs.  Reliability 
(Ref. t  Tables  IX,  X,  XIII,  XIV  of  AFML-TR- 69-65) 


Weibull  Distribution 

Log  Normal  Distribution 

Weakest 

Fleet  Member 

2nd  Weakest 
Fleet  Member 

Weakest 
Fleet  Member 

2nd  Weakest 
Fleet  Member 

Flight 

Flight 

Flight 

fi 

mmm\ 

R 

Hours 

R 

Hours 

R 

Hours 

m 

.368 

621 

.500 

566 

.50 

730 

.50 

685 

.50 

795 

.5  u| 

563 

.60 

664 

.750 

455 

.75 

635 

.75 

629 

.75 

11’., 

.900 

346 

.90 

534 

.90 

575 

.90 

681 

.950 

295 

.95 

484 

.95 

531 

.95 

658 

.980 

234 

.990 

196 

.99 

46h 

.999 

100 

! 

i  ...  —  —  . 

Lowes1:  Ooaerved  Times  to  Crack  Initiation 
(From  C-130  Service  Experience  Data) 


Flight  Hours 
1,547 
2,289 
2,551 
2,680 
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TABLE  XIV 


and  observed  values  op  fatigue  endurance 

FOR  C-130  B/E  CENTER  WING  STATION  38  ON  UPPER  SURFACE 

FOR  GROUP  3 


Theoretical  Prediction  of  Fatigue  Endurance  vs.  Reliability 
(Ref.:  Tables  IX,  X,  XIII,  XIV  of  AJHl-TR-69-65) 

Weibull  Distribution 

Log  Normal  Distribution 

Weakest 

2nd  Weakest 

Weakest 

2nd  Weakest 

Fleet  Member 

Fleet  Member 

Fleet  Member 

Fleet  Member 

Plight 

Flight 

Flight 

Flight 

g 

Hours 

5 

.... 

Hours 

R 

Hours 

n 

Hours 

.366 

2,826 

.500 

2.562 

.50 

3.352 

.50 

2,748 

.50 

3,18? 

•507 

2,570 

.60 

2,668 

•750 

2.071 

.75 

2,905 

.75 

2,513 

.75 

2,955 

.900 

1.577 

•9C 

2.443 

.90 

2,290 

.90 

2.739 

.950 

1.346 

.95 

2,220 

.95 

2,125 

.95 

2,634 

.960 

1,060 

.990 

895 

.99 

1,848 

.999 

505 

Lowest  Observed  Ties 

s  to  Crack  Initiation 

(i  rom 

C-130  Service  Experience  Data) 

Flight  Hours 
•  4,043 
4,234 
4,237 
4,373 


TABLE  XIV  (CONTINUED) 

EXPECTS)  AID  OBSERVED  VALDES  OP  FATIGUE  EHBURAHCE 
C-1 JO  B/E  CEHTER  VIIG  STATIOI  38  ON  UPPER  SURFACE 
FOR  GROUP  3 


TEST  RESULTS  ADJUSTED  FOR  GROUP'S  USAGE 


Theoretioal  Prediction  of  Fatigue  Endurance  ▼«.  Reliability 
(Raf.i  Tablaa  IX,  X,  XIII,  XIV  of  AFML-TR-69-65) 

Weibull  Distribution 

Log  Formal  Distribution 

Wsakest 

2nd  Veaksst 

Weakest 

2nd  Weakest 

[  Flost  Member 

Fleet  Member 

Fleet  Member 

Fleet  Member 

Flight 

Flight 

Flight 

Flight 

R 

Hours 

R 

Hours 

R 

Hours 

R 

Hours 

.368 

7,454 

.500 

6,810 

.50 

8,840 

.50 

7,170 

.50 

0,305 

.507 

6,776 

.60 

6,961 

.750 

5,461 

.75 

7,661 

.75 

6,558 

•  75 

7,710 

0 

0 

ON 

• 

4,160 

.90 

6,444 

.90 

5,975 

.90 

7,146 

.950 

3,554 

•  95 

5,856 

•  95 

5,544 

•  95 

6,872  / 

• 

OD 

O 

2,817 

.990 

2,361 

.99 

4,823 

.999 

1,525 

Lowest 

Observed  Times  to  Crack  Initiation 

(Fron 

C-1 30  Service  Experience  Data) 

Flight  Hours 

4,043 

4,234 

4,237 

4,373 
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TABLE  XV 

EXPECTED  AND  OBSERVED  VALDES  OP  PATIGDE  ENDURANCE 
FOR  C-130  B/E  CENTER  WING  STATION  105  ON  UPPER  SURFACE 

FOR  GROUP  3 


Theoretical  Prediction  of  Fatigue  Endurance  va.  Reliability 
(Ref.:  Tablee  IX,  X,  XIII,  XIV  of  AML-TR-69-65) 


Weibull  Distribution 

Log  Normal  Distribution 

Weakest 
/Fleet  Membei 

2nd  Weakest 
Fleet  Member 

Weakest 
Fleet  Member 

2nd  Weaken 
Fle»t  Merntp-’' 

..... 

Flight 

Flight 

Flight 

FI ,  gn  t. 

R 

Hours 

s 

Hours 

R 

Hours 

R 

Fo_rs 

.360 

2,109 

.500 

1,922 

.50 

2,493 

.50 

2,239 

.50 

2,596 

.507 

1,913 

.60 

2,173 

.750 

1,548 

.75 

2,165 

.75 

2,047 

,75 

2,404 

.900 

1.174 

.90 

1 ,822 

•  90 

1 ,866 

.90 

2,232 

0 

VO 

0 

1  ,004 

.95 

1,653 

.95 

1,731 

.95 

2,152 

.980 

796 

,990 

667 

.99 

1,505 

.999 

375 

■i- _ 

uowest  Observed  Times  to  Crack  Initiation 
(From  C-130  Service  Experience  Data) 


Flight  Hours 
3,617 
3,793 
5,831 
3,845 


TABLE  XV  (CONTINUED) 

EXPECTED  AND  OBSERVED  VALUES  OP  FATIGUE  ENDURANCE 
FOR  C-130  B/E  CENTER  VING  STATION  105  ON  UPPER  SURFACE 

TOR  GROUP  3 

TEST  RESULTS  ADJUSTED  TOR  GROUP'S  USAGE 


Theoretical  Prediction  of  Fatigue  Endurance  ve.  Reliability 
(Ref . s  Tab lea  IX,  X,  XIII,  XIV  of  AFML-TR-69-65) 


Weibull  Distribution 

Log  Normal  Distribution 

Veakest 

Fleet  Member 

2nd  Veakest 
Fleet  Member 

Weakest 
Fleet  Member 

2nd  Weakest 
Fleet  Member 

fi 

Flight 

Hours 

fi 

Flight 

Hours 

fi 

Flight 

Hours 

fi 

Flight 

Hours 

.368 

6,649 

.500 

6.062 

.50 

7.864 

.50 

7,097 

•  50 

8,228 

.507 

6,033 

.60 

6,903 

.750 

4,875 

.75 

6,828 

.75 

6,489 

.75 

7,621 

.900 

3,703 

.90 

5,747 

.90 

5,914 

.90 

7,075 

.950 

3,167 

•  95 

5,216 

.95 

5,486 

.95 

6,820 

.980 

2,510 

.990 

2,104 

.99 

4,771 

.999 

1  ,181 

Loweet  Observed  Times  to  Crack  Initiation 
(From  C-130  Service  Experience  Data) 


Plight  Hours 

3,617 

3,793 

3,831 

5,843 
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TAB  LB  XVI 


EXPECTED  AND  OBSERVED  VALDES  OP  PATIGDE  ENDURANCE 
FOR  C-130  B/E  CENTER  VINO  STATION  121  ON  LOWER  SURFACE 

FOR  GROUP  5 


Theoretical  Prediction  of  Fatigue  Endurance  vs.  Reliability 
(Ref. i  Tables  IX,  X,  XIII,  XIV  of  AFML-TR-69-65) 


Weibull  Distribution 


Log 


Normal  Distribution 


Weakest 

Fleet  Member 

_ 

2nd  Weakest 
Fleet  Member 

Weakest 
Fleet  Member 

2nd  Weakea*. 
Fleet  Membe 

ft 

Flight 

Hours 

ft 

Flight 

Hours 

ft 

Flight 

Hours 

K 

F. ight 
Hour8 

.368 

1,595 

.500 

1,271 

.50 

1,651 

.50 

1,488 

.50 

1,728 

.507 

1,265 

.60 

1,446 

.750 

1,020 

.75 

1,431 

.75 

1,361 

.75 

1,599 

.900 

776 

.90 

1,205 

.90 

1,240 

.90 

1,480 

.950 

663 

.95 

•  95 

1.151 

.95 

1,427 

.980 

526 

•  990 

441 

.99 

1,000 

.999 

248 

1 

1 

Lowest 

Observed  Times 

to  Crack  Initiation 

(From  C-I30  Service  Experience  Data) 


Flight  Hours 
2,327 
2,451 
2,574 
2,690 


TABLE  XVI  (CONTINUED) 

EXPECTED  AND  OBSERVED  VALCJES  OP  FATIGUE  ENDURANCE 
FOR  C-130  B/E  CENTER  WING  STATION  121  ON  LOWER  SURFACE 

FOR  GROUP  3 


TEST  RESULTS  ADJUSTED  FOR  GROUP'S  USAGE 


Theoretical  Prediction  of  Fatigue  Endurance  vs.  Reliability 
(Ref. t  Tables  IX,  X,  XIII,  XIV  of  AFKL-TR-69-65) 


Weibull  Distribution 


Log  Normal  Distribution 


Weakest 

Fleet  Member 

2nd  Weakest 
Fleet  Member 

Weakest 
Fleet  Member 

2nd  Weakest 
Fleet  Member 

fi 

Flight 

Hours 

5 

Flight 

Hours 

5 

Flight 

H0UT8 

fi 

Flight 

Hours 

.368 

1,180 

I 

.500 

1,070 

.50 

1,390 

.50 

1,250 

.50 

1,460 

.507 

1,070 

.60 

1,220 

.750 

860 

.75 

1,210 

.75 

1,150 

.75 

1,350 

1,250 

.900 

650 

.90 

1,010 

.90 

1,040 

.90 

•  950 

560 

.95 

920 

.95 

970 

.95 

1 ,200 

.980 

440 

.990 

370 

.99 

840 

.999 

210 

Lowest  Observed  Times  to  Crack  Initiation 
(From  C-130  Servioe  Experience  Data) 


Flight  Hours 
2,327 
2,451 
2,574 
2,690 
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TABLE  XVII 


EXPECTED  AND  OBSERVED  VALUES  OP  FATIGUE  ENDURANCE 
FOR  C-1 30  B/E  CENTER  WING  STATION  38  OR  UPPER  SURFACE 

FOR  GROUP  4 


Theoretical  Pradiction  of  Fatigue  Endurance  vs.  Reliability 
(Ref.:  Table*  IX,  X,  XIII,  XIV  of  AFML-TR-69-65) 


Veibull  Distribution 

Log  Normal  Distribution 

Weakest 

Fleet  Member 

2nd  Weakest 
Fleet  Member 

L _ _  _  _ 

Weakest 
Fleet  Member 

2nd  Weakest 
Fleet  Member 

S 

s 

Flight 

Hours 

R 

Flight 

Hours 

R 

Flight 

Hours 

.368 

3,260 

.500 

2,979 

.50 

3,722 

.50 

2,976 

.50 

3,351 

.507 

2,963 

.60 

2,853 

.750 

2,393 

.75 

3.238 

.75 

2,685 

.75 

3,086 

.900 

1,819 

.90 

2,709 

.90 

2,403 

•  90 

2,863 

.950 

1.554 

.95 

2,478 

•  95 

2,265 

.95 

2,766 

.980 

1,232 

.990 

1,033 

.99 

1,931 

.9$  J 

580 

Lowest  Observed  Times  to  Crack  Initiation 
(From  C-1 30  Service  Experience  Data) 


Flight  Hours 


TABLE  XVII  (CONTINUED) 

EXPECTED  AND  OBSERVED  VALUES  OP  FATIGUE  ENDURANCE 
FOR  C-1 30  B/E  CENTER  WING  STATION  58  ON  UPPER  SURFACE 

FOR  GROUP  4 

TEST  RESULTS  ADJUSTED  FOR  GROUP'S  USAGE 


Theoretical  Prediction  of  Fatigue  Endurance  vs.  Reliability 
(Ref. s  Tables  IX,  X,  XIII,  XIV  of  AJML-TR-69-65) 


Veibull  Distribution 

Log  Normal  Distribution 

Weakest 

Fleet  Member 

2nd  Weakest 
Fleet  Member 

Weakest 
Fleet  Member 

2nd  Weakest 
Fleet  Member 

ft 

Flight 

Hours 

ft 

Flight 

Hours 

R 

Flight 

Hours 

5 

Flight  j 

Hours 

.368 

8,384 

- ! 

.300 

7.644 

.50 

9,548 

•  50 

7,682 

•  50 

8,650_ 

.507 

7.601 

.60 

7.365 

.750 

6,140 

.75 

8,307 

.75 

6,932 

.75 

7,970 

.900 

4,666 

.90 

6,951 

.90 

6,204 

.90 

7,389 

.950 

3,987 

.95 

6,358 

.95 

5,846 

•  95 

7. Mi 

.980 

3,160 

.990 

2,651 

.99 

4,984 

.999 

1.487 

; 

Lowest  Observed  Times  to  Crack  Initiation  j 

(From  C-1 30  Service  Experience  Data)  i 


Flight  Hours 
3,860 
5.909 
4,047 
4.196 
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TABLE  XVIII 

EXPECTED  AND  OBSERVED  VALUES  OP  FATIGUE  ENDURANCE 
FOR  C-130  B/E  CENTER  WING  STATION  105  ON  UPPER  SURFACE 

FOR  GROUP  4 


Theoretical  Prediction  of  Fatigue  Endurance  vs.  Reliability 
(Ref. s  Tables  IX,  X,  XIII,  XIV  of  AFML-TR-69-65) 

Wei bull  Distribution 

Log  Normal  Distribution 

Weakest 

2nd  Weakest 

Weakest 

2nd  Weakeo* 

Fleet  Member 

Fleet  Member 

Fleet  Member 

Fleet  Member 

Flight 

Flight 

Flight 

Flight 

S 

Hours 

fi 

Hours 

R 

Hours 

R 

Hours 

.368 

■ 

.500 

.50 

2,777 

•  50 

2,429 

.50 

2,724 

.507 

2,206 

.60 

2,319 

.750 

1.781 

.75 

2,411 

.75 

2,184 

.75 

2,523 

.900 

1,356 

.90 

2,023 

.90 

1,958 

<  90 

2,334 

.950 

1,159 

.95 

1,847 

.95 

1,847 

.95 

2,253 

0 

'sO 

CD 

O 

918 

.990 

770 

.99 

1,571 

.999 

432 

Lowest 

Observed  Times 

to  Crack  Initiation 

(From  C-1 50  Service 

Experience  Data) 

Flight  Hours 
4,100 
4,241 
4,246 
4,509 


TABUE  XVIII  (CONTINUED) 

EXPECTED  AND  OBSERVED  VALUES  OF  FATIGUE  ENDURANCE 
FOR  C-150  B/E  CENTER  VI NG  STATION  105  ON  UPPER  SURFACE 

FOR  GROUP  4 

TEST  RESULTS  ADJUSTED  FOR  GROUP'S  USAGE 

Theoretical  Prediction  of  Fatigue  Endurance  ve.  Reliability 
(Ref. t  Tables  IX,  X,  XIII,  XIV  of  AFML-TR-69-65) 

Veibull  Distribution  Log  Normal  Distribution 

Weakest  2nd  Weakest  Weakest  2nd  Weakest 

Fleet  Member  Fleet  Member  Fleet  Member  Fleet  Member 

Flight  Flight  Flight  _  Flight 

R  Hours  R  Hours  R  Hours  R  Hours 

•368  7.674 

.500  6,998  .50  8,759  .50  7,695  -50  8,631 

.507  6,959  .60  7,346 

•750  5,619  .75  7,605  .75  6,921  .75  7,995 

.900  4,276  .90  6,382  ,90  6,202  .90  7,394 

.950  3.655  .95  5,826  .95  5,851  .95  7,  33 

.980  2,896 

.990  2,428  .99  4,978 

.999  1,363 

Lowest  Observed  Times  to  Crack  Initiation 
(From  C-I30  Service  Experience  Data) 


Flight  Hours 
4,100 
4,241 
4,246 
4,309 
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TABLE  XIX 


EXPECTED  AND  OBSERVED  VALUES  OP  FATIGUE  ENDURANCE 
FOR  C-130  B/E  CENTER  VING  STATION  121  ON  LOWER  SURFACE 

FOR  GROUP  4 


Theoretical  Prediction  of  Fatigue  Endurance  vs.  Reliability 
(Ref.:  Tables  IX,  X,  XIII,  XIV  of  AFWL-TR-69-65) 


Veibull  Distribution 

Log  Normal  Distribution 

I 

Weakest 

Fleet  Member 

2nd  Weakest 
Fleet  Member 

Weakest 
Fleet  Member 

2no  Weakest. 
Fleet  Member 

R 

Flight 

Hours 

R 

Flight 

Hours 

ft 

Flight 

Hours 

ft 

Flight 

Hours 

CD 

VO 

KN 

1  ,608 

• 

V^l 

0 

0 

1,468 

.50 

1,836 

.50 

1,615 

.50 

1  ,81 2 

•  507 

1,457 

.60 

1,541 

.750 

1,177 

.75 

1,594 

.75 

1,455 

.75 

i,6?6 

.900 

896 

•  90 

1,335 

.90 

1,301 

.90 

1.550 

.950 

765 

.95 

1 ,221 

.95 

1,226 

.95 

4 ,496 

.980 

607 

.990 

509 

.99 

1,045 

.999 

206 

1 

Lowest 

Observed  Times 

to  Crack  Initiation 

(From  C-130  Service  Experience  Data) 


Flight  Hours 

3,551 

3,663 

3,682 

3,745 


TABUS  XIX  (CONTINUED) 

EXPECTED  AND  OBSERVED  VALUES  OP  FATIGUE  ENDURANCE 
FOR  C-130  B/E  CENTER  WING  STATION  121  ON  LOWER  SURFACE 

FOR  GROUP  4 


TEST  RESULTS  ADJUSTED  FOR  GROUP’S  USAGE 


Theoretical  Prediction  of  Fatigue  Endurance  vs.  Reliability 
(Ref.:  Tables  IX,  X,  XIII,  XIV  of  AFML-TR-69-65) 

Weibull  Distribution 

Log  Normal  Distribution 

Weakest 

2nd  Weakest 

Weakest 

2nd  Weakest 

Fleet  Member 

Fleet  Member 

Fleet  Member 

Fleet  Member 

Flight 

Flight 

Flight 

Flight 

fi 

Hours 

5 

Hours 

5 

Hours 

5 

Hours 

.368 

2,363 

.500 

2,158 

.50 

2,697 

.50 

2,370 

.50 

2,662 

•  507 

2,141 

.60 

2,265 

•  750 

1,730 

.75 

2,343 

•  75 

2,135 

.75 

2,462 

.900 

1,316 

.90 

1,962 

.90 

1 ,911 

•  90 

2,278 

.950 

1,125 

.95 

1,794 

.95 

1 ,802 

.95 

2,198 

O 

00 

• 

891 

.990 

747 

.99 

1,536 

.999 

420 

Lowest  Observed  Times  to  Crack  Initiation 
(From  C-1 30  Service  Experience  Data) 


Flight  Hours 

3,551 

3,663 

3,682 

5,745 
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TABLE  XXI 

PZBCBR  ERRORS  U  FATIGUE  EXDURAKE 
PBEDICnca  FCR  C-130  WHOLE  FLEET 


C-130 

Center 

Weakest  Fleet 

Member 

2nd  Weakest 

Fleet  Member 

Wing 

St&t j  on 

Predicted 

Observed 

Predicted 

Observed 

ft*. 5 

S=.95 

Hours 

fi=.5 

£=.95 

Hours 

Weibull  Distrib 

38 

utlon: 

“23 

-60 

2272 

-17 

-45 

2778 

105 

180 

45 

468 

9 

39 

1887 

121 

-11 

-5* 

990 

-15 

-44 

1347 

Log  Hormal  Diet: 

38 

ributior 

3 

t: 

-18 

22'j2 

-  4 

-19 

2778 

105 

308 

225 

468 

16 

-02 

1887 

121 

29 

3 

990 

9 

-  9 

1347 

ZABLE  XXII 

FERCEVT  ERRORS  IV  FATIGUE  EBDURAICE 

FRKDicncar  for  c-130  whole  fleet 
EXCEPT  "SET  HOOK"  AIRCRAFT 


C-130 

Center 

Wing 

Station 

Weakest  Fleet  Member 

2nd  Weakest  Fleet 
Member 

Predicted 

Observed 

Hours 

Predicted 

Observed 
Hour  6 

rsta 

EBBS 

mm 

Weibull  Dietrib 

38 

-37 

-67 

2778 

-20 

-47 

2884 

105 

-60 

-79 

3295 

-52 

-68 

3617 

121 

-35 

-66 

1347 

-50 

-67 

2289 

Log  ICormal  Diet 

ributioi 

1 

38 

-l6 

-33 

2778 

-  7 

-22 

2884 

105 

-42 

-54 

3295 

-4o 

-49 

3617 

121 

-  5 

-24 

1347 

-36 

-46 

2289 

TABLE  XXIII 

FERCZHT  ERRORS  IX  FATIGUE  EHDURAHCE 
PREEICTIOX  FOR  C-130  USAGE  (SOUP  OHE 


C-130 

Center 

Wing 

Station 

Weakest  Fleet 

Member 

2nd  Weakest  Fleet 
Member 

Predicted 

Observed 

Hours 

Predicted 

Observed 

Hours 

R=.5 

S=.95 

R=.5 

R=.95 

Weibull  Distrib 

ution: 

38 

-6c 

-79 

6230 

-50 

-67 

6595 

105 

-71 

-85 

6328 

-62 

-75 

6335 

121 

-79 

-89 

6024 

-74 

-82 

6094 

Log  Hormal  Dist 

ributio) 

a: 

38 

-57 

-67 

6230 

-52 

-61 

6595 

105 

-65 

-73 

6328 

-59 

-66 

6335 

121 

-76 

-8l 

* 

. 

6024 

-72 

-77 

6094 
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F8BCZHT  mass  n  FATIGUE  eujurabce 
FRIDIC7I0I  FOR  C-130  USAGE  CROUP  TWl 


*: 


c-130 

Center 

Weakest  Fleet 

Member 

2nd  Weakest 

Fleet  Member 

Wing 

Predicted 

Observed 

Predicted 

Observed 

Station 

lours 

fi=.5 

*=.95 

Hours 

1  1 

Weibull  Distribution: 

i 

38 

-13 

-55 

2778 

8 

-28 

2884 

105 

-45 

-71 

3293 

00 

CO 

1 

-59 

3732 

121 

-11 

-54 

1347 

-33 

-56 

2289 

Log  lannal  Distributioi 

1: 

38 

-  4 

-26 

2778 

7 

-11 

2884 

105 

-34 

-49 

3295 

-33 

-44 

3732 

121 

7 

-17 

1347 

-27 

-4o 

2289 

TABLE  XXV 

FERCEiT  ERRORS  IS  FATIGUE  EHDURAICE 
FREDICTIOH  FOR  C-130  USAGE  GROUP  THREE 


C-130 

Center 

Wing 

Station 

Weakest  Fleet 

Member 

2nd  Weakest 

Fleet  Member 

Predicted 

Observed 

Hours 

Predicted 

Observed 

Hours 

fi=.5 

5=  .95 

S=.5 

fi=.95 

Weibull  Distrib 

ution: 

38 

-36 

-87 

4043 

-21 

-47 

4234 

105 

-47 

-72 

3617 

-34 

-56 

3793 

121 

-45 

-72 

2327 

>33 

-55 

2451 

Log  Hormal  Dlst 

ributx  01 

1: 

38 

-32 

-47 

4043 

-25 

-38 

423k 

105 

-38 

-52 

3617 

-32 

-43 

3 1 93 

121 

-36 

-50 

2327 

-30 

-42 

2451 

TABLE  XXVI 

PERCENT  ERRORS  IV  FATIGUE  EKDURANCE 
PREDICTION  FOR  C-130  USAGE  GROUP  FOUR 
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TABLE  XXVII 

PER  COT  ERRORS  II  ADJUSTED  FATIGUE  EEDURAJCE 
PREDICTICB  FOR  C-130  USAGE  CROUP  OKE 


C-130 

Center 

Weakest  Fleet 

Member 

2nd  Weakest 

Fleet  Member 

Wing 

Station 

Predicted 

Observed 

Predicted 

Observed 

wm 

Hours 

S=.5 

S=.95 

Hours 

3 

-27 

6230 

73 

15 

6595 

105 

28 

-33 

6328 

67 

11 

6335 

121 

-57 

-78 

6024 

-45 

-63 

6094 

Log  Hormal  Diet 

38 

rlbutio1 

5* 

a: 

19 

6230 

69 

4o 

6595 

105 

52 

17 

6328 

77 

46 

6335 

121 

1 

-49 

-61 

6024 

-4l 

-51 

6094 

TABLE  XXVIII  v 

PERCOT  IKRCKS  IX  ADJUSTED  FATIGUE  EKDURAICE 
PREDICTIOI  FOR  C-130  USAGE  CROUP  TWO 


C-130 

Center 

Wing 

Station 

Weakest  Fleet 

Member 

2nd  Weakest 

Fleet  Member 

Predicted 

Observed 

Hours 

Predicted 

Observed 

Hours 

*=.5 

*=.95 

*=•5 

*=.95 

Weitoull  Distribi 

iitlon/ 

38 

73 

-10 

2778 

115 

42 

2884 

105 

29 

-33 

3295 

47 

-  3 

3732 

121 

-58 

-78 

13^7 

-68 

-79 

2289 

Log  Hormal  Distn 

rlbutlOE 

t; 

38 

87 

46 

2778 

110 

73 

2884 

105 

5^ 

19 

3295 

57 

30 

3732 

121 

-49 

-6l 

1347 

-65 

-71 

2289 

81 


TABLE  XXIX 

FERCEHT  ERRORS  IB  ADJUSTED  FATIGUE  EBDURABCE 
PREDICTIOI  FOR  C-I30  U5KB  GROUP  THREE 


C-130 

Center 

Wing 

Station 


Weibull  Distri 
38 
105 
121 


Weakest  Fleet 
Member 


Predicted 


R=.95 


Hours 


3617 


2nd  Weakest 

Fleet  Member 

Predicted 

Observed 

R=.5 

S=.95 

Hours 

109 

39 

4234 

108 

37 

3793 

-43 

-62 

2451 

96 

63 

4234 

117 

80 

3793 

-40 

-51 

2451 

82 


TABLE  XXX 

PKRCEHT  ERRORS  IV  ADJUSTED  FATIGUE  EMDURAVCE 
PREDICTION  FOR  C-130  USAGE  GROUP  FOUR 


C-130 

Center 

Wing 

Station 

Weakest  Fleet 
Member 

2nd  Weakest 

Fleet  Member 

Predicted 

Observed 

Hours 

Predicted 

Observed 

Hours 

fi=.5 

E9H 

fi=.5 

S=.95 

Weibull  Distrib 

utlon 

38 

98 

3 

3860 

144 

63 

3909 

105 

TO 

-11 

4100 

107 

38 

4241 

121 

-39 

-68 

3551 

-26 

-51 

3663 

Log  Normal  Diet 

ributia 

3 

38 

99 

51 

3860 

122 

82 

3909 

105 

88 

43 

4100 

104 

68 

4241 

121 

-33 

-49 

3551 

-27 

-4o 

3663 

83 


TABLE  XXXI 


SUMMARY  OF  RANGE  OF  PERCENT  ERRORS 

IN  C-130  FATIGUE  ENDURANCE  PREDICTIONS 


Type  of  Prediction 

Percent  Error  Range 

R  =>  .5 

R  *  .95 

Weibull  -  Weakest  Member 

C-130  Whole  Fleet 

-23  to  180 

-60  to  45 

C-130  Usage  Group  Unadjusted 

-79  to  -11 

-89  to  -54 

C-150  Usage  Group  Adjusted 

-58  to  98 

-78  to  3 

Log  Normal  -  Weakest  Member 

C-130  Whole  Fleet 

3  to  308 

-18  to  225 

C-130  Usage  Group  Unadjusted 

-76  to  7 

-81  to  -17 

C-130  Usage  Group  Adjusted 

-49  to  99 

-61  to  51 

Weibull  2nd  -  Weakest  Member 

C-130  Whole  Fleet 

-17  to  9 

-45  to  39 

C-130  Usage  Group  Unadjusted 

-74  to  8 

-82  to  -28 

C-130  Usage  Group  Adjusted 

-68  to  144 

-79  to  63 

Log  Normal  -  2nd  Weakest  Member 

C-130  Whole  Fleet 

C-130  Usage  Group  Unadjusted 

C-130  Usage  Group  Adjusted 


-4  to  16 
-72  to  7 
-65  to  122 


-19  to  -02 
-77  to  -11 
-71  to  82 


TABLE  XXXII 


PROBABILITY  OF  LARGER  MINIMUM  C-1?0  TEST  VALUE 
ON  THE  BASIS  OF  EMPIRICAL  DISTRIBUTION. 


c-130 

Center 

Wing 

Station 

P  (t  > 

tt  .  ) 

Amm  ' 

Unadjusted  Group 

Adjusted  Group 

II 

2 

H 

H 

II 

2 

n 

H 

38 

.48 

1.00 

.10 

.003 

•  38 

.00 

.00 

.00 

.00 

105 

.67 

1.00 

•  38 

.20 

.66 

.00 

.00 

.00 

.00 

121 

.36 

.98 

.01 

.00 

.19 

.00 

.97 

.05 

.00 

Note:  In  caaea  where  the  empirical  distribution  is  not  known 

completely  enough,  the  best  fit  double  parameter  Weibull 
ia  used. 
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TA3L2  XXXIII 


PROBABILITY  OF  SMALLER  MAXIMUM  C-I30  PEST  VALUE 
ON  THE  3ASIS  OF  EMPIRICAL  DISTRIBUTION 


C-130 

Center 

Wing 

Station 

P  (t  < 

TT  ) 

imax/ 

— 

Unadjusted  Group 

Adjusted  Group 

1 

2 

— 

H 

■ 

2 

3 

H 

^9 

.91 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

105 

.15 

.06 

1.00 

0 

0 

• 

H 

1.00 

1.00 

1,00 

1.00 

1.00 

121 

.64 

.02 

.99 

1.00 

.91 

1.00 

.03 

•  95 

1.00 

Note:  In  cases  where  the  empirical  distribution  is  not  known 

completely  enough,  the  best  fit  double  parameter  Weibull 
distribution  is  used. 
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TABLE  XXXIV 


CENSORED  SUMMARY  OF  RANGE  OF  PERCENT  ERRORS 
IN  C-130  FATIGUE  ENDURANCE  PREDICTIONS 


Type  of  Prediction 

Percent  E 

rror  Range 

H  =  .5 

R  *  .95 

Veibull  -  Weakest  Member 

C-I3O  Whole  Fleet 

-60  to  -35 

-79  to  -66 

C-130  Usage  Group  Unadjusted 

-59 

-79 

Log  Normal  -  Weakest  Member 

C-130  Whole  Fleet 

-42  to  -5 

-54  to  -2d 

C-I30  Usage  Group  Unadjusted 

-55 

-66 

Weibull  -  2nd  Weakest  Member 

C-I50  Whole  Fleet 

-52  to  20 

-68  to  -47 

C-130  Usage  Group  Unadjusted 

-50 

-67 

Log  Normal  -  2nd  Weakest  Member 

C-130  Whole  Fleet 

-40  to  -7 

-49  to  -22 

C-I30  Usage  Group  Unadjusted 

1 

-50 

-59 
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TABLE  XXXV 


VALUES  OP  C-130  SCALE  PARAMETERS 
Weibull  Distribution 


Sets 

Wing  Station 

38  U.S. 

121  L.S. 

Whole  Fleet  -  Empirical 

5,550 

Best  Fit  Distribution 
Complete  Data 

With  Assumed  O 

9,394 

8,859 

5,433 

With  Empirical  01 

8,751 

11,633 

5,677 

Truncated  Data 

With  Assumed  01 

8.O64 

8,470 

5,102 

With  EmpiricalO 

6,204 

12,963 

5,057 

Test  Distribution 

Grouj5  1  -  Empirical 

10,455 

8,052 

5,580 

8,000 

Best  Fit  Distribution 
Complete  Data 

With  Assumed  01 

12,211 

13,559 

9,204 

With  Empirical O 
Truncated  Data 

9,380 

10,251 

7,985 

With  Assumed  Of 

12,697 

13,682 

10,656 

With  Empirical  Of 

8,894 

9,507 

7,705 

Test  Distribution 

10,455 

8,052 

5,580 

Adjusted  Test 

56,505 

35,000 

11,700 

Group  2  -  Empirical 

7,200 

4,400 

Best  Fit  Distribution 

Complete  Data 

With  Assumed  Of 

6,339 

7,293 

4,779 

With  Empirical  Of 

5,494 

6,562 

4,490 

Truncated  Data 

With  Assumed  Of 

6,444 

7,292 

5,321 

With  Empirical  Of 

5,179 

5,686 

4,936 

Test  Distribution 

10,455 

8,052 

5,580 

Adjusted  Test 

Group  }  -  Empirical 

20,747 

18,993 

26,500 

3,500 

Best  Fit  Distribution 
Complete  Data 

With  Assumed  Of 

9,748 

8.318 

3,917 

With  Empirical 01 

5,175 

5,631 

5,493 

Truncated  Data 

With  Assumed  Of 

9,748 

8,373 

4,417 

With  Empirical  a 

5,175 

5,010 

3,407 

Test  Distribution 

10,455 

8,052 

5,580 

Adjusted  Test 

Group  4  -  Empirical 

27,583 

25,404 

4,700 

4,700 

Beet  Fit  Distribution 
Complete  Data 

With  Assumed  01 

7,460 

8,167 

5,371 

With  Empirical  a 

5,925 

6,891 

4,845 

Truncated  Data 

With  Assumed  C 

7,495 

8,271 

5,994 

With  Empirical  Of 

5.619 

6,453 

4,210 

Test  Distribution 

10,455 

8,052 

5,580 

Adjusted  Teat 

L 

26,853 

25,404 

8,200 
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TABLE  XXXV  (CONTINUED) 

VALUES  OF  C-I30  SCALE  PARAMETERS 
Log-Normal  Dlstrlbutloo 


Sats 

Wing  Station 

38  U.S. 

105  U.S. 

121  L.S. 

Whole  Fleet  -  Empirical 

8,500 

4,500 

Beet  Fit  Distribution 

Complete  Data 

Vi  th  Assumed  Of 

7,190 

7,398  \ 

4,715 

With  Empirical'^ 

6,394 

12,246  \ 

4,796 

Truncated  Data 

\ 

\ 

With  Assumed O 

6,669 

6,845  \ 

4,463 

With  Empirical O 

6,626 

17,188 

5.013 

Test  Distribution 

8,244 

7,165 

\  5.580 

Group  1  -  Empirical 

\  7,700 

Best  Fit  Distribution 

Complete  Data 

With  Assumed  0 

10,517 

11,418 

7,886 

With  Empirical O 

9,260 

10,350 

7,632 

Truncated  Data 

With  Assumed O 

10.757 

11,428 

9,196 

With  Empirical O 

8,954 

9,744 

7,645 

Test  Distribution 

8,244 

7,165 

5,580 

Adjusted  Test 

29,178 

31.203 

11,700 

Group  2  -  Empirical 

5,000 

7,200 

4,200 

Best  Fit  Distribution 

Complete  Data 

With  Assumed  O 

5,559 

6,342 

4,117 

With  Empirical O 

5,296 

6,166 

4,110 

Truncated  Data 

With  Assumed  O 

5,616 

6,297 

4,674 

With  Empirical  <T 

5,150 

5.658 

4,834 

Teat  Distribution 

8,244 

7,165 

5,580 

Adjusted  Teat 

16,135 

16.715 

26,500 

Group  3  -  Empirioal 

3.300 

Beet  Fit  Distribution 

Complete  Data 

With  Assumed  O 

7,544 

6,709 

3,574 

With  Empirical O 

5,403 

5,904 

3,316 

Truncated  Data 

With  As earned O 

7,544 

6,693 

3,852 

With  Empirical O 

5,403 

5,219 

3.357 

Test  Distribution 

8,244 

7,165 

5,580 

Adjusted  Test 

21,511 

22,709 

4,700 

Group  4  -  Empirical 

4,200 

Beat  Fit  Distribution 

Complete  Data 

With  Assumed  0 

6,378 

6,956 

4,657 

With  Empirical O 

5,929 

6.919 

4,502 

Truncated  Data 

With  Assumed O 

6,369 

6.934 

5,183 

With  Empirical 9 

5,659 

6,596 

4,191 

Test  Distribution 

8,244 

7,165 

5,580 

Adjusted  Test 

_ 

21,284 

v' 

22,709 

8,200 

39 


1ABLE.  XXXVI  (CONTINUED) 
fERCHTT  DIFPZREKES  BETWSER  CALCULATED  AID  BtPEICAL 
C-130  VALUES  OF  SCALE  PARAMETERS 
Log  Vornal  Distribution 


(Ref.  Table  XXXV) 


Best  Fit  DJ 

.stributions 

AdJ. 

Test 

Set 

&*pir. 

Values 

Complete  Data 

Truncated  Data 

Test 

Diet. 

As  sun. 
a 

Bnpir. 

a 

As  sum. 

a 

lyJSS 

Whole  Fleet 
W.  8.  38 

8,500 

-15.4 

-  1.2 

-21.5 

-22.0 

-  3.0 

w.  s.  105 

W.  S.  121 

4,500 

4.8 

6.6 

-  .3 

11.4 

24.0 

Group  1 

w.  s.  38 

w.  s.  105 

W.  S.  121 

7,700 

2.4 

-  .9 

19.4 

-  .7 

-27.5 

51.9 

Group  2 

w.  s.  38 

5,000 

11.2 

5.9 

12.3 

2.6 

64.9 

222.7 

w.  s.  105 

7,200 

-11.9 

-l4.4 

-12.5 

-21.4 

-  .5 

132.2 

W.  S.  121 

4,200 

-  2.0 

-  2.1 

il.3 

15.1 

32.9 

531.0 

Group  3 

w.  s.  38 

w.  s.  105 

W.  S.  121 

3,300 

2.2 

.5 

16.7 

1.7 

69-1 

42.4 

Group  4 

w.  s.  38 

w.  s.  105 

W.  S.  121 

4,200 

10.9 

7.2 

23.4 

.5 

32.9 

95.2 
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TABLE  XXXVII 


TABLE  XXXVIII 
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TABLE  XXXX 


C-130  EMPIRICAL  SHAPE  PARAMETERS 


Weibull  Distribution  Proposed  Ot-  4.0 


Values  of  <91  Proa  C-130  Complete  Data  Best  Pits 

Set 

C-I30  Center  Wing  Stations 

UJ. 

ins  u.s. 

121  L.S. 

Group  I 

9.13 

7.7 

11.7 

Group  II 

6.5 

5.8 

6.3 

Group  III 

16.9 

8.7 

10.1 

Group  IV 

7.0 

5.7 

7.0 

Whole  Fleet 

3.63 

2.62 

3.2 

Values  of  O  From  C-130  Truncated  Data  Best  Pits 

Set 

C-130 

Center  Wing  Station 

__  * 

38  W.S. 

105  V.S. 

121  L.S. 

Group  I 

11.4 

9.9 

14.9 

Group  II 

8.3 

8.4 

4.9 

Group  III 

16.9 

12.9 

11.9 

Group  IV 

8.2 

6.7 

20.7 

Whole  Fleet 

6.8 

2.4 

4.1 

TABLE  XXXX  (CONTINUED) 


C-130  EMPIRICAL  .SHAPE  PARAMETERS 

j 

Log  Normal  Distributions  Proposed  O  *  0.322 


Values  of  0  Prom  C-130  Complete  Data  Best  Pits 

Set 

C-130  Center  Wing  Station 

> 

38  U.S. 

10‘S  U.S. 

121  L»S.  _ 

Croup  I 

•  19 

.24 

.11 

Group  II 

'  .25 

.29 

.21 

Group  III 

•  13 

.24 

.13 

Group  IV 

.26 

.32 

.18 

Whole. Fleet 

.48 

.74 

.42 

C-130  Center  Wing  Station 


38-  U.S. 

105  U.S. 

121  L.S, 

Group  I 

.16 

’  .20 

.12 

Grouo  II 

.22 

.21 

.37 

'Group  III 

.13 

.  .17 

.14 

Grouo  IV 

.22 

.29 

.082 

Whole  Fleet 

.32 

.95 

•  46 
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TABLE  XXXXI 


PERCENT  DIFFERENCE  BETWEEN  PROPOSED 
AND 

C-130  EMPIRICAL  SHAPE  PARAMETERS 
(Ref.  Able  XXXX) 


Weibull  Distribution  Proposed  d  *  4.0 


Values  of  Cl  From  C-130  Complete  Data  Best 

Fits 

Set 

C-130  Center  Wing  Station 

Jfl  _  Ur8. 

10S  U.S. 

121  L.S. 

Whole  Fleet 

10.2 

52.7 

25.0 

Group  1 

-56.2 

-48.1 

-65.8 

Group  2 

-38.5 

-31.0 

-36.5 

Group  3 

-76.3 

-54.0 

-60.4 

Group  4 

-42.9 

-29.9 

-42.9 

Values  of  a  From  C-130  Truncated  Data  Best  Fits 

Set 

C-130  Center  Wing  Station 

38  U.S. 

105  U.S. 

121  L.S. 

Whole  Fleet. 

-41.2 

66.7 

-2.4 

Group  1 

-64.9 

-59.6 

-73.2 

Group  2 

-51.8 

-52.4 

-18.4 

Group  3 

-76.3 

-69.0 

-66.4 

Group  4 

-51.2 

-40.3 

-80.7 
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table  JOCXXI  (CONTINUED) 

PERCENT  DIFFERENCE  BETWEEN  PROPOSED 
AND 

C-130  EMPIRICAL  SHAPE  PARAMETERS 

(Ref.  Table  XXXX) 

Log  Normal  Distribution  Proposed  o  =  .322 


.  Values 

of  a  From'  C-130  Complete  Data  Beet  Fits 

Set 

C-130  Center  Wing  Station 

105  U.S. 

121  L.S. 

Whole  Fleet 

-32.9 

-56.5 

-23.3 

Group  1 

69.5 

34.2 

192.7 

Group  2 

28.8 

11.0 

53.3 

Group  3 

147.7 

34.2 

147.7 

Group  4 

23.8 

0.6 

78.9 

Values  of  O  From  C-150  Truncated  Data  Best  Fits 

Set 

C-150  Center  Wing  Station 

39  U.S. 

105  u.s. 

121  L.S. 

Whole  Fleet 

.6 

-66.1 

-50.0 

Group  1 

101.2 

61.0 

168.3 

G_roup  2 

46.4 

53.3 

-13.0 

Group  3 

147-7 

89.4 

130.0 

Group  4 

46.4 

11.0 

292.7 
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TABLE  XXXXII 


TABLE  XXXXIII 


100 


4,50i 


TABLE  XXXXIII 
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TABLE  XXXXIII 


I - 


105 


aX.CXIV 


^  3Ir?EHK!*«Sw  JALJVLAT3D  n.O  ^  ^  '-'A*. 


W3  121  , 
1.3.  10 


'?r:3*: Tic':.'}  g-  :-'.7'  ?c  :?^:v:  i:::T.Ar*o. 
(Hef.  Tatie  XXXXIII  ) 


TABLE  XXXXIV 


PERCENT  DIFFERENCES  BETWEEN  CALCULATED  AND  EMPIRICAL 
DISTRIBUTIONS  OF  C-130  TIMES  TO  CRACK  INITIATION 

Weibull  Distribution  (continued) 


■ 

Beat  Fit  Distributions 

'  I 

■ 

Emp. 

Complete  Data 

Truncated  Data 

Test 

Set 

Diet. 

Assumed 

a 

Eaplr. 

a 

Assumed 

a 

Empir. 

a 

Dist. 

Group  3 
WS  36 

2 

4,200 

-11.9 

-  2.4 

-11.9 

-  7.1 

161.9 

u.a. 

WS  105 

10 

30 

2 

3.600 

-13.2 

-  5.3 

-15.8 

-  2.6 

-15.8 

150.0 

u.a. 

10 

4,300 

9.3 

2.3 

11.6 

-  2.3 

7.0 

237.2 

WS  121 

X  *8  •  • 

30 

2 

2,500 

-36.0 

-  8.0 

-24.0 

-12.0 

-32.0 

10 

2,600 

-21.4 

-10.7 

14.3 

-  3.6 

30 

3,100 

-  3.2 

9.7 

■ 

38.7 

16.1 

Group  4 
WS  36 

2 

3,900 

-25.6 

-20.5 

0.0 

156.4 

u.a. 

10 

4,200 

2.4 

2.4 

■ 

42.0 

WS  105 

30 

2 

4,100 

-22.0 

-19.5 

-12.2 

-24.4 

119.5 

u.a. 

10 

4,500 

4.4 

4.4 

4.4 

2.2 

2.2 

211.1 

WS  121 

1  •  8  a 

30 

2 

3,600 

-36.1 

-?2.2 

-30.6 

-  2.8 

-33.3 

-16.7 

10 

3,800 

-18.4 

-  7.9 

-10.5 

mSm 

-15.8 

23.7 

30 

4,000 

5.0 

5.0 

15.0 

1 

7.5 

57.5 
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TABLE  XXXXIV 


(continued) 


PERCE?:?  DIFFSHE?:CEE  BETWEEN  CALCULATED  A?H>  EMPIRICAL 


DISTRIBUTIONS  0?  C-1J0  TIMES  TO  CRACK  INITIATION 
(Ref.  Table  XXXXIII  ) 


■ 

1 

Sop. 

Dist. 

Vhole 

Fleet 

2 

3,700 

VS  39 

10 

4,300 

U.9. 

30 

7.000 

vs  105 

2 

3,900 

U.B. 

10 

4,500 

50 

7,900 

VS  121 

2 

1,700 

l.s. 

10 

3.100 

30 

3.800 

Croup  1 
VS  38 

2 

6,700 

u.s. 

10 

7,100 

30 

8,300 

vs  105 

2 

6,300 

u.s. 

10 

7,500 

30 

L0.500 

VS  121 

2 

6,100 

l.s. 

10 

6,500 

30 

7,200 

Grouo  2 
VS  38 

2 

3,300 

u.s. 

10 

4,100 

30 

4,500 

VS  105 

2 

3,700 

u.s. 

10 

4,400 

30 

5,100 

VS  121 

2 

2,500 

l.s. 

10 

3,500 

30 

3,900 

Log  Nor-nal  Distribution 


TABLE  XXXXIV 


PERCENT  DIFFERENCES  BETWEEN  CALCULATED  AND  EMPIRICAL 
DISTRIBUTIONS  OF  C-130  TIMES  TO  CRACK  INITIATION 


t  V 

■  •  Log  Normal  Distribution  (continued) 


Best  Fit  Distribution 

Adj. 

Test 

Bmp. 

Comole 

be  Data 

Truncated  Data 

Test 

Set 

% 

Diat. 

Assumed 

0 

Empir. 

0 

Assumed 

0 

Empir. 

0 

Dist. 

Dist. 

Group  3 
VS  38 

2 

4,200 

-  9.5 

-  2.4 

-  7.1 

-  2.4 

2.4 

150.0 

10 

30 

2 

3,800 

-  5.3 

-  5.3 

-10.5 

-  2.6 

-  2.6 

189.5 

H  1 

10 

4,300 

4. 6 

0.0 

2.3 

-  2.3 

9.3 

225.6 

E 

30 

2 

2,500 

-32.0 

0.0 

-16.0 

0.0 

12.0 

-  4.0 

10 

2,800 

-21.4 

0.0 

-10.7 

0.0 

32.1 

10.7 

30 

3.100 

-  9.7 

6.4 

0.0 

51.6 

39.0 

Group  4 
VS  38 

2 

3.900 

-15.4 

-10.2 

-15.4 

-10.2 

7.7 

182.0 

U.8. 

10 

4,200 

2.4 

if  >WiH 

28.6 

233.3 

vs  105 

30 

2 

4,100 

-14.6 

-14.6 

-17.1 

-12.2 

9.8 

180.4 

u.s. 

10 

4,500 

2.2 

2.2 

2.2 

4.4 

VS  121 

30 

2 

3,600 

-39.9 

-16.7 

-  2.8 

SSI 

16.7 

1  •  8  « 

10 

3,800 

-21.0 

-  5.3 

0.0 

spin 

42.1 

30 

4,000 

-  2.5 

2.5 

10.0 

0.0 

17.5 
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TABii 

im-firr  uiFfaaicnS  betveoi  c-130  beet  fit  dutributioks 

WITH  ASSURED  AID  OtPIRICAL  SHAPE  PARAMETER 
^Rcf •  Table  XA-vAIV  ) 

Weibull  Distribution 


Set 

Percent! le 

Best  Fit  T 

istribution 

Complete  Data 

Truncated  Data 

Whole  Fieet 

W.  S.  38  u.  s. 

2 

13.8 

-14.3 

10 

0.0 

2.2 

30 

-  3.0 

18.9 

W.  S.  105  u.  s. 

2 

32.0 

23.1 

10 

0.0 

-  7.7 

30 

-12.8 

-22.4 

W.  S.  121  1.  s. 

2 

14.7 

0.0 

10 

10.7 

0.0 

30 

2.4 

0.0 

Group  1 

W.  S.  38  u.  s. 

2 

-19.4 

-25.0 

10 

-  5.4 

-  1.4 

30 

13.1  ’ 

21.0 

W.  S.  105  u.  8. 

2 

-18.0 

-17.5 

10 

1.3 

1-3 

30 

16.7 

23.5 

W.  S.  121  1.  s. 

-14.1 

-37.3 

10 

-18.5 

-  7.6 

30 

-  4.1 

15-3 

Group  2 

W.  S •  38  u «  £ . 

2 

-1.6 .7 

-21.9 

10 

-  7.7 

-  5.1 

30 

6.5 

8.7 

W.  S.  105  U.  B. 

2 

-15.2 

-20.0 

10 

-  4.7 

-  4.6 

30 

.  5-7 

9.8 

V.  S  .  121  1*  £• 

2 

-29.2 

-13.6 

10 

-12.9 

-  3.2 

33 

-  2.6 

2.5 

Group  3 

W,  S.  38  u.  s. 

2 

-  9.8 

-11.9 

10 

24.4 

22.2 

30 

- 

- 

W.  S.  105  6. 

2 

-  8.3 

-13.5 

10 

6.8 

14.3 

30 

- 

- 

W.  S.  121  1.  s. 

2 

-30.4 

-24.0 

;  10 

-2..* 

-10.7 

j  30 

-  6.3 

9.7 

Group  4 

I 

W.  S.  38  U.  6. 

? 

-17.1 

-11.4 

10 

0.0 

0.0 

1  30 

1 3  *,r 

l6.0 

W.  S.  105  u.  s. 

2 

-  8.0 

1  -  8*3 

i  10 

0.0 

2.2 

i  30 

10.5 

W.  S.  121  1.  s. 

S  2 

;  -17.9 

;  -28.6 

1  10 

-10.5 

30 

;  0.0 

i  .  ,  . 

15.0 

no 


table  ajcjou'  (cfltmuEc) 

PERcnrr  oimERncxs  mmu  c-130  ubt  pit  distriput-qis 
ran  Asswm  aid  mptfical  siapi  parameters 
(R*f.  Tibi*  XJOCXIV  ) 

Log  ioraal  Distribution 


— 

Beat  Pit  Distribution 

Set 

Percentile 

Complete  Data 

Truncated  Data 

Vhole  fleet 

V.  3.  38  u.  s. 

2 

19.4 

C.O 

10 

6.7 

0.0 

30 

-  6.2 

0.0 

W.  S.  105  u.  6. 

2 

50.0 

45.8 

10 

4.3 

-11.6 

30 

-24.4 

-44.8 

w.  s.  121  1.  s. 

2 

ib.3 

21.1 

10 

10.7 

3.6 

30 

5-3 

-  5.0 

Group  1 

-15.6 

¥.  S.  38  a.  o. 

2 

-12.7 

10 

-  k.l 

-  1.4 

30 

6.0  . 

9-8 

V.  S.  105  u.  s. 

2 

-  9.6 

-  7.8 

10 

0.0 

1.3 

30 

6.7 

9.1 

w.  s.  121  1.  s. 

2 

-33-3 

-23.0 

10 

-20.0 

-  6.2 

30 

-  6.9 

8.3 

Group  2 

V.  S.  38  u.  8. 

2 

-  3.3 

-15.2 

10 

-  5.1 

-  5.1 

30 

0.0 

2.2 

y.  S.  105  u.  e. 

2 

-  5-9 

-13.5 

10 

-  2.3 

-  k.l 

30 

0.0 

3.9 

y.  s.  121  1.  a. 

2 

-19.2 

-  4.2 

10 

-12.? 

-  3.2 

Group  3 

30 

-  5-*» 

O.C 

1 

y.  s.  38  u.  8. 

2 

-  7.3 

-  4.9 

10 

8.7 

8.7 

30 

- 

v.  s.  105  u.  8. 

2 

0.0 

-  8.1 

10 

k.l 

4.8 

30 

9.6 

18 .8 

y.  s.  121  1.  ■. 

2 

-32.0 

-l6.0 

10 

-21.4 

-10.7 

Group  4 

30 

-  9-7 

6.5 

y.  s.  38  u.  s. 

2 

-  5-7 

-  5-7 

10 

-  2-3 

0.0 

30 

3*8 

8.0 

V.  S.  105  u.  6. 

2 

0.0 

-  5.0 

10 

0.0 

O.C 

30 

0.0 

;  3.5 

y.  S.  121  1.  s. 

2 

-26.7 

-25.7 

10 

-16.7 

;  -10.5 

30 

-  *.9 

i  10.0 

1 _ 

ill 
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i  2  3  4  5  6  7  8  9  10 


Thousand*.  of"&ight  Hours 


FIGURE  1  APPARENT  AMD  BEST  FIT  WEIBULL  PROBABILITY 
DISTRIBUTIONS  OF  TIKE  TO  CRACK  INITIATION 
AT  C-130  CENTER  WING  UPPER  SURFACE 
STATION  38  FOR  WHOLE  FLEET 


m 


1  2  3  4  5  6  7  6  -0 


Thousands  of  Plight  Hours 


FIGURE  2  APPARENT  AND  BEST  FIT  LOG -NORMAL  PROBABILITY 
DISTRIBUTIONS  OF  TIME  TO  CRACK  INITIATION 
AT  C-130  CENTER  WING  UPPER  SURFACE 
STATION  38  FOR  WHOLE  FLEET 


115 


Percent  of  Fleet  with  Cracks 


FIGURE  3  APPARENT  AID  TRUNCATED  BEST  FIT  VEEBULL- 

PROBABILITY  DISTOIBtfTIOBS  OF  TIME  TO  CRACK 
IHITXATTON  AT  C-I30  CENTER  VI  IG  UPPER  SURFACE 
STATION  38  FOR  WHOLE  FLEET 
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Percent  of  Fleet  vith  Cracke 


FIGURE  4  APPARERT  AID  TRURCATED  BEST  FIT  LOG -FORMAL 
PROBABILITY  DISTRIBUTE  OHS  OF  TIME  TO  CRACK 
IRITIATIOH  AT  C-130  COITER  WHIG  UPPER  SURFACE 
STATIC*  FOR  WHOLE  FLEET 
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1 


OF  TIME  TO  CRACK  INITIATION  AT  C-.30  CENTER  WING 
UPPER  SURFACE  STATION  3b  FOR  WHOLE  FLEET 


Percent  of  Fleet  with  Cracka 


1  2  U 


Thousands  of  Fli^hv  Hour;- 


FIGURE  6  APPARENT  AND  BEST  FIT  WEIBULL  PROBABILITY 
DISTRIBUTIONS  OF  TIME  TO  CRACK  INITIATION 
AT  C-130  CENTER  WING  UPPER  SURFACE  STATION 
105  FOR  WHOLE  FLEET 
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Percent  of  Fxeet  with  Cracks 


FIGURE  7  APPARENT  AND  BEST  FIT  LOG-NORMAL  PROBABILITY 
DISTRIBUTIONS  OF  TIME  TO  CRACK  INITIATION  AT 
C-130  ca«ER  WING  UPPER  SURFACE  STATION  105 
FOR  WHOLE  FIEET 


120 


FIGURE  b  APPARENT  AND  TRUNCATED  BEST  FIT  WEEBULL  PROBABILITY 
DISTRIBUTIONS  OF  TIME  TO  CRACK  INITIATION  AT  C-130 
CENTER  WING  UPPER  SURFACE  STATION  105  FOR  WHOLE  FLEET 


121 


Percent  of  Fleet  vl th  Cracks 


FIGURE  9  APPARENT  AND  TRUNCATED  BEST  FIT  LOG-NORMAL  PROBABILITY 
DISTRIBUTIONS  OF  TIME  TO  CRACK  INITIATION  AT  C-I30 
CENTER  WING  UPPER  SURFACE  STATION  105  FOR  WHOLE  FLEET 
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Percent  of  Fleet  with  Cracks 


FIGURE  10  APPARENT  AND  THEORETICAL  PROBABILITY  DISTRIBUTIONS 
OF  TIME  TO  CRACK  INITIATION  AT  C-ijO  CENTER  WING  " 
UPPER  SURFACE  STATION  105  FOR  WHOiE  FLEET 
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FIGURE  11  APPARENT  AND  BE3T  FIT  WEIBULL  PROBABILITY 
DISTRIBUTIONS  OF  TIME  TO  CRACK  INITIATION 
AT  C-130  CENTER  WING  LOWER  SURFACE  STATION 
121  FOR  WHOLE  FLEET 
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FIGURE  13  APPARENT  AND  TRUNCATED  BEST  FIT  WEIBULL  PROBABILITY 
DISTRIBUTIONS  OF  TIME  TO  CRACK  INITIATION  AT  C-130 
.  CENTER  WING  LOWER  SURFACE  STATION  121  FOR  WHOLE  FLEET 
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FIGURE  14  APPARENT  AND  TRUNCATED  BEST  FIT  LOG- NORMAL 
PROBABILITY  DISTRIBUTIONS  OF  TIME  TO  CRACK 
INITIATION  AT  C-130  CENTER  WING  LOWER  SURFACE 
STATION  121  FOR  WHOLE  FLEET 
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FIGURE  15  APPARENT  AND  THEORETICAL. PROBABILITY  DISTRIBUTIONS 
i  OF  TIKE  TO  CRACK  INITIATION  AT  C-130  CENTER  WING 
LOWER  SURFACE  STATION  121  FOR  WHOLE  FLEET 
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FIGURE  16  APPARENT  AND  BFST  FIT  WFIBUU.  PR0IJABI1  !1  i 
DISTRIBUTIONS  OF  TIME  TO  CRACK  INITIATION  AT  C-130  CENTER  WING  UPPER 
SURFACE  STATION  38  FOR  USAGE  GROUP  I 
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FIGITIF  18  APPARENT  AND  TRUNCATED  BFST  FIT  UTIBH  I  PRO RAH  1 1  !  1  \ 
DISTRIBUTIONS  OF  TIME  TO  CRACK  INITIATION  AT  C-130  CENTFR  WING  ri'FFR  SURFAFF 
STATION  38  FOR  USAGE  GROUP  1 
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FIGURE  19  APPARENT  AND  TRUNCATED  BEST  FIT  TOG  NORMAL 
PROBABILITY  DISTRIBUTIONS  OF  TIME  TO  CRACK  INITIATION  AT  C-HO  I  ENTER 
WING  UPPER  SURFACE  STATION  "58  FOR  USAGF  GROUP  1 
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FIGURE  20  APPARENT  AND  THEORFT I CAL  PROBABILITY  DISTRIBUTIONS 
OF  TIME  TO  TRACK  INITIATION  AT  C-110  CENTER  WING  IJPPFR  SIRFATF  STATION  X 
FOR  USAGE  GROUP  1 
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FIGURE  21  THEORETICAL  DISTRIBUTION'  OF  PROnABILIIY 
OF  TIME  TO  CRACK  INITIATION  ADJUSTED  FOR  GROUP  1  USAGE  TOR  (FNTFR 
WING  UPPER  SURFACE  STATION  3H 
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FIGURE  22  APPARENT  AND  BEST  FIT  WFIBULL  PROBABILITY  DISTRIBUTIONS 
OF  TIME  TO  CRACK  INITIATION  AT  C-130  CTNTER  WING  UPPER  SERFAGE  STATION  105 
FOR  USAGE  GROUP  1 
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FIGURE  23  APPARFM  AND  BFST  FIT  LOG  NORMA  I  PROR Mill  Ill 
DISTRIBUTIONS  OF  TIME  TO  CRACK  INITIATION  AT  C-130  rFMF.R  WING  ITPIH 
SURFACF  STATION  105  FOR  USAGE  GROUP  1 


Thousands  of  Flight  Hours 


FIGURE  24  APPARFNT  AND  TRUNCATED  BEST  FIT  IHOBABIl-llV 

DISTRIBUTIONS  OF  TIME  TO  CRACK  INITIATION  AT  C-1JO  (  FNTF.R  WING  ITPFR 
SURFACE  STATION  103  FOR  USAGE  GROUP  1 
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FIGIItE  25  APPARENT  AND  TRUNCATED  BEST  FIT  LOG  NORUAI 
PROBABILITY  DISTRIBUTIONS' OF  TIME  TO  CRACK  INITIATION  AT  C-130  (.i.MI.R 
WING  UPPER  SURFACE  STATION  109  FOR  USAGE  GROUP  1 


Percent  of  Usage  Group  With  Cracks 
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FIGURE  26  APPARENT  AND  THEORETICAL  PROBABILITY 
DISTRIBUTIONS  OF  TIME  TO  CRACK  INITIATION  AT  C-HO  CENTER  WING 
UPPER  SURFACE  STATION  105  FOR  USAGE  GROUP  1 
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FIGURE  29  APPARENT  AND  BEST  FfT  LOG  NORMAL  PROBABILITY  j 
DISTRIBUTIONS  OF  TIME  TO  CRACK  INITIATION  AT  C-UJO  CENTER  WING  I  OWKR  '[ 
SURFACE  STATION  121  FOR  USAGE  GROIT  1  j 
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FIGURE  30  APPARENT  AND  TRUNCATED  BEST  FI1  WEIBUl 1,  P HARMS II  IT V 
DISTRIBUTIONS  OF  TIME  TO  CRACK  INITIATION  AT  C-130  CENTER  WING  LOW!  1?  SUHEUI 
STATION  121  FOR  USAGE  GROUP  1 
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FIGURE  31  APPARDJT  AND  TRUNCATED  BFST  FIT  LOG-NORMAL 
PROBABILITY  DISTRIBUTIONS  OF  TIMF  TO  CRACK  INITIATION  AT  f-HO 
CENTER  WING  LOWER  SURFACE  STATION  121  FOR  USAGE  GROUP  1 
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FIGURE  32  APPARENT  AND  THEORETICAL  PROBABILITY  DISTRIBUTIONS 
OF  TIME  TO  CRACK  INITIATION  AT  C-130  CENTER  WING  LOWER  SURFACE  STATION  121 
FOR  USAGE  GROUP  1 
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FT  01  T  33  ’  ?)  I  STRl  BUTTON  OF  PROBABILITY  OF 

TIME  TO  CRACK  INITIATION  ADJUSTED  FOR  CROUP  1  USAGE  FOR  CENTER  WING 
LOWER  SURFACE  STATION  121 
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FIGURE  34  APPARENT  AND  BEST  FIT  WE I BULL  PROBABILITY 
DISTRIBUTIONS  OF  TIME  TO  CRACK  INITIATION  AT  C-130  CENTER  WING 
UPPER  SURFACE  STATION  38  FOR  USAGE  GROUP  2 


lk 


Percent  Usage  Group  With  Cracks 


FIGURE  35  APPARENT  AND  BEST  FIT  LOG  NORMAL  PROBABILITY 
DISTRIBUTIONS  OF  TIME  TO  CRACK  INITIATION  AT  C-130  CENTER  WING  UPPER 
SURFACE  STATION  38  FOR  USAGE  GROUP  2 
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FIGURE  37  APPARENT  AND  TRUNCATED  BEST  FIT  LOG-NORMAL  PR0RAB1LI.1 
DISTRIBUTIONS  OF  TIUF  TO  CRACK  INITIATION  AT  C-HO  CFOTER  » INO  UPPER  SURFACE 
STATION  38  FOR  USAGE  GROUP  2 


Percent  of  Usage  Group  with  Cracks 
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FIGURE  38  APPARENT  AND  THEORETICAL  PROBABILITY  DISTRIBl'T IONS 
OF  TIME  TO  CRACK  INITIATION  AT  C-130  CENTER  WING  UPPER  SURFACF  STATION  3H 
FOR  USAGE  GROUP  2 


151 


FUJI  RE  39  THEORETICAL  DISTRIHI  'I  !«iS  OK  PROKAIIILITY  OF  TIME 
TO  CRACK  INITIATION  ADJUSTED  FOR  GROUP  2  USAGE  FOR  CENTER  WING  UPPFR 
SURFACE  STATION  3P 
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FIGURE  APPARENT  AND  BEST  FIT  LOG-NORMAL  PROBABILITY 

V- 

DISTRIBUTIONS  OF  TIME  TO  CRACK  INITIATION  “At-  C-130  COiTER  WTN  i  '  IP? 
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FIGURE  42  APPARFNT  AND  TRUNCATED  RFST  FIT  WEIBULI.  PROBABILITY 
DISTRIBUTIONS  OF  TIME  TO  CRACK  INITIATION  AT  C-130  CFNTFH  WING  ITPIR  SURFACE 
STATION  105  FOR  USAGE  GROUP  2 
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FIGURE  **3  APPARENT  AND  IRUNCATFD  LOT.  NORMAL  REST  FIT  PR0RAR11  ITY 
DISTRIBUTIONS  OF  TTVF  TO  CRACK  INITIATION  AT  C-150  f'FMFR  WING  UPPFR 
SURFACE  STATION  105  FOR  USAGE  GROUP  'S 
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FIGURE  ¥f  APPARENT  AND  THEORETICAL  PROBABILITY  DISTRIBUTIONS 
OF  TIME  TO  CRArK  INITIATION  AT  C-1?0  CENTER  WING  UPPFR  SURFAfI  KING  STATION 
105  FOR  USAGE  GROUP  2 
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FIGURE  51  THEORETICAL  DISTRIBUTION  OF  PROBABILITY  OF  TIME  ‘ 
TO  CRACK  INITIATION  ADJUSTED  FOR  GROUP  2  USAGE  FOR  CENTER  WING  LOWER 
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FIGURE  57  THEORETICAL  DISTRIBUTION  OK  PROBABILITY  OF  TIME  TO 
CRACK  INITIATION  ADJUSTED  FOR  GROUP  3  liSAGE  FOR  CfNTER  WING  UPPER  SURFACE 


STATION  1H 
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FIGURE  59  APPARENT  AND  BEST  FIT  LOG-NORMAL  PROBABILITY 
DISTRIBUTIONS  OF  TIME  TO  CRACK  INITIATION  AT  C-1}0  CENTER  WING  UPPER  SURFACE 
STATION  101  FOR  USAGE  GROUP  ~> 
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FIGURE  60  APPARENT  AND  TRUNCATED  BEST  FIT  WE I BULL  PROBABILITY 
DISTRIBUTIONS  OF  TIME  TO  CRACK  INITIATION  AT  C-i}0  CENTER  WING  UPPER  SURFACE 
STATION  105  FOR  USAGE  GROUP  5 
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FIGURE  61  APPARENT  AND  TRUNCATED  BEST  FIT  1.0G-N0RMAI. 
PRORADIUTY  DISTRIBUTIONS  OF  TIME  TO  CRACK  INITIATION  AT  C-HO  TENTER 
WIN G  UPPER  SURFACE  STATION  105  FOR  USAGE  GROUP  3 
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FIGURE  62  APPARENT  AND  THEORETICAL  PR0RABI1  ITY  DISTRIBUTION? 
OF  TIME  TO  CRACK  INITIATION  AT  C-i30  CENTER  WING  UPPER  SURFACE  STATION  103 
FOR  USAGE  GROUP  3 
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FIGURE  63  THEORETICAL  DISTRIBUTION  OF  TIME  TO  CRACK 
INITIATION  ADJUSTED  FOR  GROUP  ?  USAGE  FOR  CENTER  WING  ITPER  SURFACE 
STATION  UH 
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FIGURE  6h  APPARENT  AND  REST  FIT  WEIBULL  PRORXRILITY 
DISTRIBUTIONS  OF  TIME  TO  CRACK  INITIATION  AT  C-130  CENTER  WING  LOWER 
SURFACE  STATION  121  FOR  USAGE  GROUP  3 
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FIGl'RF  V?  APPARENT  AND  BIST  KIT  1.0G-N0RMA1.  PMHIABIUTY 
DISTRI81TI0NS  OK  TTNfE  TO  CRACK  INITIATION  AT  C-lAO  CENTER  WING  10WF.R 
SURFACE  STATION  121  FOR  l  SAGE  GROIT  A 
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FIGURE  66  APPARENT  AND  TRUNCATED  BEST  FIT  WEIWT1.  PROHAMl  I  TV 
DISTRIBUTIONS  OF  TIME  TO  CRACK  INITIATION  AT  C-130  CENTER  WING  I  OWfR  SI  UFACr 
STATION  121  FOR  USAGE  GROUP  3 
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FIGURE  67  APPARENT  AND  TRI’NCATED  BEST  FIT  LOG-NORV«Al 
PROBABILITY  DISTRIBmOSS  OF  TIME  TO  CRACK  INITIATION  AT  C-lYO  CENTER 
WING  LOWER  SrRFACF.  STATION  121  FOR  USAGE  GROIT  1 
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F  Hit  HE  68  APPARENT  AND  THEORETICAL  I*IW»:  ?l  I  IV  ’l»‘‘ t  R1 1'l'I'TONS 
OF  TIME  TO  CRACK  INITIATION  AT  C-HO  CENTER  WING  LOWER  SURFACE  STATION  121 
FOR  USAGE  GROUP  3 
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FIGURE  69  THEORETICAL  DISTRIBUTION  OF  PROBABILITY  OF  TIMF. 
TO  CRACK  INITIATION  ADJUSTED  FOR  fiROUP  "5  USAGE  FOR  CFNTFR  WING  LOV(ER 
SURTACE  STATION  121 
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FIGURE  70  APPARENT  AND  REST  FIT  WE  I  BULL  PRORVRII.m 
DISTRIBUTIONS  OF  TIME  TO  CRACK  INITIATION  AT  C-130  CENTER  WING  UPPER 
SURFACE  STATION  38  FOR  USAGE  GROUP  h 
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FIGURE  72  APPARENT  AND  TRUNCATED  BEST  FIT  WEIBHJ,  rROHABIL ITY 
DISTRIBUTIONS  OF  TIME  TO  CRACK  INITIATION  AT  C-ilO  CENTER  WIST,  IT  E'ER 
SURFACE  STATION  18  FOR  IfSAGE  GROIT  A 
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FIGURE  73  APPARENT  AND  TRUNCATED  BEST  FIT  LOG-NORMAL 
PROBABILITY  DISTRIBUTIONS  OF  TIME  TO  CRACK  INITIATION  AT  C-130  CENTER 
WING  UPPER  SURFACE  STATION  3B  FOR  USAGE  GROUP  4 


166 


Percent  of  Osage  Group  With  Cracks 


Thousands  of  Flight  Hours 


FIGURE  74  APPARENT  AND  THEORETICAL  PROBABILITY  DISTRIBUTION? 
OF  TIME  TO  CRACK  INITIATION  AT  C-130  CENTER  WING  UPPER  SURFACE  STATION  3« 
FOR  USAGE  GROUP  4 
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FIGURE  75  THEORETICAL  DISTRIBUTION  OF  PROBABILITY  OF  TIME 
TO  CRACK  INITIATION  AIvrSTED  FOR  GROUP  4  USAGE  FOR  CENTER  WING  UPPER 
SURFACE  STATION  38 
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FIGIHE  76  APPARENT  AND  BEST  FIT  WFIIUTL  PROBABILITY  DISTRIBUTIONS 
OF  TIME  TO  CRACK  INITIATION  AT  C-130  CENTER  WING  UPPER  SURFACf  STATION  103 
FOR  USAGE  GROUP  4 
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FIGURE  77  APPARENT  AND  BEST  FIT  LOG-NORMAL  PROBABILITY 
DISTRIBUTIONS  OF  TIME  TO  CRACK  INITIATION  AT  C-130  C INTER  WING  UPPFR 
SURFACE  STATION  103  FOR  USAGE  GROt P  k 
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FIGURE  80  APPARENT  -AND  T1IE0RETICAI.  PROHABII.ITY  DISTIUnUT ION'S 
OF  TIME  TO  CRACK  INITIATION  AT  C-130  C INTER  WING  I’PPER  SURFACF  STATION  103 
FOR  USAGE  GROUP  4 
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FIGURE  81  THEORETICAL  DISTRIBUTION  OF  PROBABILITY  OF  TIME 
TO  CRACK  INITIATION  A&fVSTED  FOR  GROl'P  4  USAGE  FOR  CENTER  WING  UPPER 
SIRFACF  STATION  lOr> 
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FIGURE  83  APPARENT  AND  BEST  FIT  LOG-NORMAL  PROBABILITY 
DISTRIBUTIONS  OF  TIME  TO  CRACK  INITIATION  AT  C-130  CENTER  WING  LOWER 
SURFACE  STATION  121  FOB  USAGE  GROUP  4 
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FIGIHE  84  APPARENT  AND  TRINCATED  BEST  FIT  WEIBIT1  PRORARI!  !TY 
DISTRIBUTIONS  OF  TIME  TO  CRACK  INITIATION  AT  C-HO  CENTER  WING  1  .OUTER  SURE  ACE 
STATION  121  FOR  USAGE  GROUP  h 
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FIGURE;  85  APPARENT  AND  TRUNCATED  BEST  FIT  LOO  NORMAL 

PROBABILITY  DTSTRT BUT IONS  OF  TTME  TO  CRACK  INITIATION  A+  C-130  CENTER 
WIST.  LOWER  SURFACE  STATION  12 1  FOR  I ’SAGE  GROUP  4  • 
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FIGURE  86  APPARENT  AND  THEORETICAL  PROBABILITY  DISTRIBUTIONS 
OF  TIME  TO  CRACK  INITIATION  AT  C-130  CENTER  WING  LOWER  SURFACE  STATION  121 
FOR  USAGE  GROUP  4 
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FIGURE  87  THEORETICAL  DISTRIBUTION  OF  TIME  TO  CRACK 
INITIATION  ADJUSTED  FOR  GROUP  4  USAGE  FOR  CENTER  WING  LOWER  SURFACE 

STATION  121 
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Generalized  Relations  for  Scatter  Factor  Distribution 

J 

This  section  derives  a  general  relation  for  determining 
distributions  that,  can  be  used  in  selecting  a  scatter  factor. 
The  relation  is  derived  in  a  most  general  form.  Then  it  i6 
used  in  the  construction  of  scatter  factor  distributions. 


Assumptions:  Consider  an  experiment  which  has  an  outcome 
that  can  be  described  vith  the  random  variable  T  with  the 
distribution  function  >  where  &  is  known  as  a  "scale" 
factor.  Also  consider  tvo  independent  trials,  A  and  -B  ,  with 
the  following  descriptions. 


A:  Experiment  J  is  performed  n  times,  resulting  in  the  set  of 
values  far  T,  { T./l  =  1,  ...  n  J  .  The  outcome  is  describ¬ 
ed  by  the  random  variable 

*  =  P  °A  (j"  >  1  ’  lf  •••*  nJ  * 

Bi  Experiment  J  is  performed  H  times  resulting  in  the  set  of 
values  for  T,  |  ti/i  =  1  ...  .  The  outcome  is  described 

by  the  random  variable 

* 5/30  f  T ’ 1  ‘ 1  •"  "} 


Problem:  Give  steps  for  determining  the  distribution  of  the  ratio 
T 


8  = 


A 

t 


and  show  that  this  distribution  is  Independent  of  (3 


Solution:  The  distribution  o£  T  is  determined  by 


p  [*<**]  =  /  & 

E 


n  (  — ) 
rr  tr.Le.J 


TT 


dF^ui) 


dT  =  r 

dT.  J  i=l  du. 

1  E 


du., 
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202 


203 


For  n  ■  2 
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Distributions  of  First  and  Seoond  Failures 


with  Veibull  Parent  Distribution 


Weibull  Distribution 
F  (  u.)  =  |  -  e.  u’  where 

1st  Failure  of  N  specimens 

<?,(«)  =  i  - [i  - 

=  F(Nu)  = 
density  function  (J(u.)  =  M  f  (Nu)  =  N  t"Na 
2nd  Failure  of  N  specimens 

QlOO*  |-[l-FCuOj“~fJ^jjJ  [l  -  Ku)JN  F( u) 

=  |-t"'‘-NelN")“[|-e“] 

-  t  ~{  (N  u.)  ~  N  f  ([N-  l]  u)  ~h  Nf(Nu) 


«■(*/ 


>r 


-  I  -  £ 

”  f  (N  u) 


•Nu 


—  I  -f  (n  -  f  (hi  u)  ~  N  f  (f N-l  J 


Density  function 

<?;  W  =  uj] 
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"Scatter  Factor"  Distributions 


These  are  distributions  for  the  ratio 


Cass  I  T  *  equivalent  flight  hours  from  one  test  point 

A 


t  ■  1st  failure  of  N  specimens 
VI  tO  =  fti  C-su)  q',  Cu;  cl  u 

~J  F(SujN  f  (W  u)  el  u.  ~J  “  f  Csujj  -f  (N  u)  d  U. 

=X  “  N  f  ([N  +  iJ  u)]du 

T‘[F(»*)-Trh  f=(L  *•♦«**)£  =  1  '  nTJ 


vi<s}  =  ir+r 


Case  II  T  ■  same  as  case  I 
A 

t  -  2nd  failure  of  N  specimens 

VjrCO  =/*«,  (*«;<?!  c*o^ 


=X  f‘ ■  N(N-f)  u)-  f  (Nu)J  <Ju 

-U(N-l)/  +  f([*  +  Sj 

v  ro  -  ...  _  L“-Ji  s 

vn  W  N  -  I  t5  N  +  s 
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Case  III  T  =  [*(  T*  *  !•••  2  *»“ 

t  -  1st  failure  of  K  specimens 

VffiCij  =/°[r(lS“)-ZSLC  f(asu)Jdu. 

=  f  {i-f(a.Su)  -  SU  -f(lJSu)]  M  f(wuj  d  u. 

-'o 

=  bij  [f(H Li)  -  f([N+aSj)  -  2-5  kf  ([M+  £SJ  U.)]<Ju. 

.  II  ,0°  ~(N+iS)u  f  3r  -S  \ 

Vm(5j=N[TrNTts]'N1U‘‘e 

Case  TV  T  ■  same  as  case  III 

•£  -  2nd  failure  of  N  specimens 

VE2  C5)  =J^iLs“)QUu) 

[(-e“a~a5cL<*l5aJ  K  “J  cU 

t> 

•O.  _(N+a5ju.  -(KJ-I+  2.s)ci  1 

f  N(N'l)?il  [ae  -u.e  Jduc 

VnrCs;=  N  (nmT it/  ~  (N  ~ 0  (  N  +^-5 ') 
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THEORET I  CAL  EXACT  n I STR I BUT I  ON  OF  PROBABILITY  OF  SCATTER  FACTOR 
FUNCTION  FOR  WEAKEST  MEMBER  OF  FLEET 
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r»3  ABSTRACT 


An  analytical  program  to  evaluate  a  probabilistic  analysis  approach  to  the  prediction 
of  aircraft  structural  fatigue'. endurance  using  data  obtained  from  the  C-130  Structural 
Integrity  Program  has  been  completed.  This  report  is  the  final  report  of  this  program. 

The  proposed  method  is  applied  .to  three  fatigue  sensitive  areas  of  the  C-130  center 
wing  using  test  results  from  C-130  B  and  E  wing  full  scale  fatigue  tests.  The  results 
of  this  analysis  are  then  correlated  with  service  experience  data  from  the  Air  Force's 
fleet  of  C-130  B  and  E  transport  aircraft.  In  addition,  this  data  is  also  used  to 
cclnsidef'-the  applicability  of  the  basic  distributions  and  parameters  selected  for  the 
proposed  method. 


The  first  and  second  phases  of  the  program  involve  the  preparation  of  this  data  and 
the  correlation  of  theresults  of  the  analysis  with  the  data  used  as  a  single 
population.  The  thiYd  and  fourth  phikses  of  the  program  involve  the  selection  of  four 
C-130  service  usage  groups,  the  adjustment  of  the  fatigue  test  results  to  the  usage 
group  loads  and  the  correlations  of  the  results  of  each  analysis  with  the  data  from 
each  usage  group.  The  fifth' phase  involves  a  review  of  the  results  of  the  correlations 
made  in  this  study.  \  \ 

This  study  indicates  that 'eigher  the  log-normal  or  Weibull  distributions  with  the 
proposed  shape  parameters  f ijt  C-130  in-service  crack  initiation  as  well  as  present 
knowledge  could  predict.  Predictions  made  with  the  proposed  method  are  significantly 
more  conservative  than  theirj  normal  reliability  values  would  indicate. 
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13.  Abstract  (cont'd) 


It  is  recommended  that  a  modification  of  the  present  method  be  considered 
which  uses  crack  occurrence  results  from  the  fleet  along  with  the  fatigue 
test  results  for  estimating  the  fatigue  endurance. 


